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I INTRODUCTION 
The blood cells of insects called haemocytes 
originate from the median mesoderm m the majority of species 
studied so far (Gupta, 1979) . Morphologically these are , 
distinct variety of cells (Price and Ratcliffe, 1974; Mead et 
al, 1986), comparable to the vertebrate leucocytes (Jones, 
1977) , which constitute the important and inevitable 
coirponents of haemolymph in the open circulatory system of 
insects (hexapods) as well as in other arthropods and 
invertebrates (Wigglesworth, 1933, 1939, 1955, 1956 and 1979; 
Jones, 1962, 1975 and 1977 and Gupta, 1979). These cells were 
first discovered by Swammerdam (1669) according to Jones 
(1962) and their versatile features in a species and 
reduplication of similar and compatible shapes amongst 
different species urged Cuenot (1896) to clnssify them for 
the first time into 4 different categories (Millara, 1947). 
The classification has been revised several times (Yeager, 
1945; Wigglesworth, 1956; Jones, 1962 and Gupta, 1979). 
Haemocytes, eventually occur in two phases, sessile 
and free. In the former phase these cells rest on different 
organs of the viscera whilst in the latter condition these 
cells flow freely in the haemocoel. 
Functionally, haemocytes are tne generally accepted 
cellular defense units in insects and partially are 
responsible to their immune system (Ratcliffe and Rowley, 
1979). In fact insects and other arthropods present different 
physico-chemical methods to combat, check or onslaught the 
challenges exerted by their biological enemies including 
viruses, bacteria, protozoans, fungi and cestods (Ratcliffe 
and Gagen, 3976; and Mead et ai, 1986). Finally, trespass of 
these biologjcal agents into haemocoeL usually elicits the 
cellular responses, phagocytosis, nodule formation and 
encapsulation by the haemocytes (Ratcliffe and Rowley, 1975 
and Gupta, 19 79). The contribution of haemocytes in 
prophenoloxidase systen- through the involvement of granular 
and/or plasmatocytes has prompted Gupta (1985) to label these 
two categories of haemocytes as immunocytes. However, type 
of immunocytes and their role in insects are debatable and 
need more information on the subject for clarity (Hazarika 
and Gupta, 1987; Kan and Gupta, 1989). In addition to 
biological agents, fungi and protozoans other pathogenic and 
nonpathogenic agents are the known inducers of other 
haemocytic responses; varxations in the total haemocyte 
counts (THC) and differential haemocyte counts (DHC) 
(Shapiro, 1979 and Christensen, et aj, 1989) . 
Keeping in view the importance of insect haemocytes 
in intermediary metabolism and the role of ecdysones in 
regulating growth and moulting in insects, application of 
exogenous ecdysones including natural (B ecdysone) and its 
analogues were made to study the response of haemocytes 
(pathology, v'ariations In THC and DHC) of Spodoptera litura, 
Spilosoma obligua and Hieroglyphus nigrorepletus (Khan et al 
1984) and in Dysdercus cinqulatus and Dicrisia obliqua (Khan 
et aj, 1990) under the projects sanctioned and financially 
supported by the Indian Council of Agricultural Research, 
Government of India, New Delhi. The comparative and extensive 
data obtained by a team of workers have revealed original 
information with regard to the action of exogenous ecdysones 
on insect haemocytes. 
However, to-date, there exist lacunae, pitfalls and 
cortroversies on over all knowledge about insect haemocytes 
and thus the scope for fundamental studies on various aspects 
of insect haemotology demands more investigations. In view of 
this, in the present research programme attempt has been made 
to study the haemocytes classification, their phagocytic and 
encapsulation activity; variations in total haemocytes counts 
(THC) and differential haemocyte counts (DHC), variation in 
blood volume as well as localization of lipids and glycogen in 
Nepa cineria, an qua^ic bug and Leptocorisa varicornis, a 
paddy pest in India. Effect of exposure to biological agent, 
Pyxinia firma. a eugregarine and fungi, Rhizopus oryzae, 
Penxcillium diqitatum. Alternaria chlamvdospora, Alternaria 
citri, Aspergillus niqer and Trichoderma sp and sperms from 
the same species was also studied to observe phagocytosis, 
encapsulation, self and non self recognition and variation in 
THC, DHC in Adesmia cancel lata. Response of haemocytes to 
deoxyphylotoxin was also studied in L. varicornis and N. 
cineria and the applicability of the useful technique of 
separating different categories of haemocytes was 
investigated Jn A. cancellata. However, the selection of N. 
cineria. L. varicornis, Dermestes vulp:nus and A. cancellata 
was based on the fact that knowledge about the haemocytes of 
these species did not exist before. Therefore the present 
study would certainly be an addition to the knowledge on 
haemocytes of insects in general and those of orders 
Hemiptera and Coleoptera in particular. 
II REVIEW 
i^ FREE HAEMOCYTES IN INSECTS 
Haejfnocytes were reported in a variety of insects 
belonging to different orders on the basis of staining 
reactions, shape, and size etc. b\it generally there was no 
uniform criteria, following review on the haemocytes of 
different orders of .nsects will indicate the diverse 
nomenclature ^s well ae types. This information is based on 
the reviews of Wigglesworth (1956), Jones (1962), Gupta 
(1979) , and Khan (1986) as well as later, informations. 
Thvsanura: 
Francois (1974 and 1975) reported the microscopic 
and ultrastructure of the haemocytes in Thermobia domestica 
and categorised these cells as plasmatocytes (PLs), granular 
haemocytes (GRs) and coagulocytes (COs). 
Orthoptera: 
Akai and Sato (L979) categorised the haemocytes of 
Locusta miqratoria as prohaemocytes (PRs), plasmatocytes (PLs) 
coagulocytes (COs), oenocytoids (OEs), and reticular cells 
(RTs), However, Goffiner and Gregoire '1979) reported fewer 
categories of haemocytes i.e. PRs, PLs, GRs, and COs in mole 
cricket, Grvllotalpa sp. According to Gupta (1979) in Acheta 
domesticus and Locusta migranoria, PRs,PLs,GRs,SPs and COs 
were found. Sharxna and Dutta (1979) recorded the presence of 
PRs,PLs,GRs,cys,COs,SPs,ADs,OEs,POs, and vermicytes (VEs) in 
Chrotoqonus trachypterus Blach and Acrida exaltata Walk by 
using phase contrast microscopy. Eventually, these 
grasshoppers did have more variety of cells in their 
haemocytes. Islam and Roy (1932) identified only four types of 
haemocytes, PRs,PLs,ADs,and £?s in Schizodactvlus monstrosus 
Drury. Khan et at (1984) in 5th instar hoppers as well as in 
adults of Hieroqlyphus niqrorepletus (rice grasshopper) 
reported the occurrence of PRs, PLs (spherical, oval and 
fusiform in shape), GRs and OEs. Later, in the same species 
Ahmad (1986) and Ahmad and Khan (1988) varified and confirmed 
these types. 
Dictyoptera: 
Jones (1957b) studied the microscopic structure of 
the haemocytes in Feriplaneta americana and described only two 
categories of these cells which were named as PLs and CYs. 
However, later Boerwald and Bousch (1970) and Boerwald (1975) 
added three more categories of haemocytes viz, PRs,GRs, and 
SPs in the same species. Hagopian (1971) in Leucophaea maderae 
L, reported PRs,PLs,GRs,SPs, and COs (CYs). But Mazzali (1978) 
in the same species could not identify PRs. Arnold (1972) 
reported, PRs,PLs,GRs, and SPs in 16 species of 
cockroaches but in none of these species COs were observed, 
although these cells were r^ .ported in P. americana and L. 
maderae. Scharrcr (1972) found similar types of haemocytes in 
other dictyopterous insects, viz, Periplaneta australasiae F. 
Blaberus qiganteus L., B. discoidalis, B. cranifer, Blatta 
qermanica L. , Diploptera punctata Esch, Gromphadorhina 
portentosa, Brysotria fumigata. Pvcnocellus surinamensis and 
Sphodromantis bioculata. Amirante and Mazzali (1978) in 
Leucophaea maderae did not find PRs but PLs, GRs, and SPs, 
were present. Kochetova (1978) added two more types of 
haemocytes in Nauphoeta cineria Oliver, unlike other 
cockroaches, and labelled them as OEs and ADs. Akai and Sato 
(1979) in Panesthia anaustipennis reported the presence of 
PRs, PLs, GRs and SPs but coagulocytes (COs) were not seen 
even under electron jiiicroscope. Gupta (1985) labelled PLs and 
GRs as immunocytes. Gupta and Han (1988) as well as Han and 
Gupta (1989) followed the term immunocytes in cockroach 
Periplaneta americana and Blattella qermanica. 
Phasmida: 
In Clitumnus extradentatus, PRs, PLs, GRs, SPs, and 
CYs were the main cells (Gupta, 1979). 
Dermaptera: 
Arvy and Lhoste (1944 and 1948) investigated the 
haemocytes in Forficula auricularia L. and named them 
leucoblast, small rounded basophi] leucocytes, with dusty 
cytoplasm and leucocytes with crystalloids. In addition to 
these, they noticed large cells in the larval stages which 
were named as megacytes. 
Mallophaqa: 
In this group of insects, fewer types of haemocytes 
have been reported. According to Srivastva (1964) in 
Laemobothrion perenoptera only two types i. e,, PRs and PLs 
occurred whereas Saxena and Agarwal (1979) in Lipeurus 
lawrensis tropica]is identified three categories of haemocytes 
i. e. PRs, GRs and OEs but universally occurrinq PLs were not 
found. 
Neuroptera; 
In this order haemocytes were observed in only 
Acroneuria arenosa pictus by Arnold (1966) who labelled them 
as PRs, PLs, GRs, and hyaline haemocytes. 
Hemiptera; 
Seemingly, first ever report on the haemocytes of 
hemipterous insects were presented by Poisson and Pesson 
(1939) in pulvj.jnarla mesembrvnthmi and according to them wax 
cells, carmine cells, eosinophil cells and cells with phenolic 
inclusion were the haeiiiocytes in this species. Later, several 
insect haematologists studied the haemocytes in this order. In 
Rhodnius prolixus^ Wigglesworth (1956) gave different 
nomenclature to various haemocytes and labelled them as 
proleucocytes; phagocytic amoebocytes of various shapes such 
as PLs, POs and SPs, OEs and adipocytes. However Jones and 
Bellard (1959) reported these cells as PRs,PLs,GRs,ADs,OEs, 
and CYs or COs and later Laifook (1970) confirmed the types 
described by Jones and Bellard using supravital staining and 
phase optics in R. prolixus. But under electron microscope he 
could identify only PRs, PLs, OEs, and granulocytophagous 
haemocytes. Le Blanc (1971) also in R. prolixus categorised 
the haemocytes into PRs, PLs, GRs and OEs. Zaidi and Khan (1974) 
followed the criteria of (Jones 1962) and classified the 
haemocytes of Dysdercus cingulatus as PRs, PLs, ADs, GRs and 
OEs. However, in the same species Qam.ar, (1990) could not 
observe granular naemocytes (GRs). Boitean and Perron (1976) 
in Macrosiphum euphorbidae Thomas, described six types of 
haemocytes viz., PRs, PLs, GRs, SPs, and OEs in addition to 
wax cells. The haemocytes of Leptocorisa varicornis (Siddiqui, 
1978) , Nepa cineria (Siddiqui and Khan, 1979) and Nezara 
veridula L. (Mall and Guptc\, 1978) were like those of D. 
cingulatus (Zaidi and Khan l'^ 74) but in L. y^jricornis and N. 
cineria CYs were additional cells Behura and Dash (1978) 
reported PRs, PLs, POs and CYs in Rhopelosiphus maidis Fitch. 
Lepidoptera: 
In this order haeroocytes were comparatively studied 
in many species. Yeager (1945) gave an extensive description 
and classification of the haemocytes of Prodenia eridania 
larvae and on the basis of the variation in shape, size and 
staining reactions he classified the haemocytes into ten 
classes; proleucocytoids, small chromophil cells, OEs, PLs, 
POs, vermiform cells, CYs, sheroidocytes, eruptive cells and 
degenerative cells. These classes were further divided into 
32 types. But the free haemocytes of £^ eridania larvae were 
labelled as PRs, PLs (polymorphic) , POs and SPs by Jones 
(1959) who rather simplified the classification given by 
Yeager (1945). Arnold (1952) identified only four categories 
of haemocytes in the haemolyph of Ephestia Kuhniella as PRs, 
PLs, SPs and OEs. Raichaudhary and Gupta (1959) investigated 
the haemocytes of the larvae of Bombyx mori, which were only 
differentiated as PRs, PLs, SPs and OEs. However, they also 
described two subclasses of PRs as macronucleocytes and 
micronucleocytes depending on their size. Nittono (1960) also 
studied the haemocytes in adult Bombyx mori and classified 
them into PRs, PLs, GRs, SPs, imaginal spherule cells and OEs. 
Jones (19 67) in Galleria mellonella identified PRs, PLs, GRs, 
SPs, and OEs. But in the fully grown larvae of G. mellonella 
Neuwirth (1973) reported only PLs, GRs, 3Ps and OEs. Rabaglio 
(1970) made comparative study of the free haemocytes of six 
10 
Japanese and Italian -aces of Bombyx mori and described 
micronucleocytes, PRs, GRs, SPs and OEs and dropped the term 
PLs as used by Nittono (1960). In Spodoptera littoralis, PLs 
included PRs and POs whilst GRs represented OEs but ADs had 
separate identity. (Harpez et a^i. , 1969) . 
Arnold (1975) made a comparative study of the 
haemocytes of two closely related species, Euxoa compestris 
(Grote) and E. declarata but in these species he concentrated 
on the ratio of Length-width of fusiform PLs and differences 
were recorded in between to evaluate their taxonomic impor-
tance. Later, Arnold (1982) made an extensive survey of the 
haemocytes of eighty-four species from the family noctuidae 
and identified five categories; PRs, PLs, GRs, SPs and OEs but 
them he could not relate haemocyte shapes to the taxonomir 
divisions. Nishi (1982) in Spodoptera litura described PRs, 
PLs, POs, GRs, CYs, ADs, SPs, and OEs and Khan, et al (1984) 
further confirmed these cells in the 5th & 6th instar larvae, 
prepupae and pupae of S. litura. Ahmad (198 6) extended 
observations of Nishi (1982) in S_^  litura to its larvae of 3rd 
and 4th instars and adults of both sexee and further verified 
that the types of haemocytes were the same in these stages as 
mentioned by Nishi (1982) ir other stages of this species 
further it was also added that no change in types occurred 
between various stages of Sj_ litura. Ahmad (1986) also 
described the haemocytes of middle aged larvae of 3rd, 4th, 
1] 
5th and 6th instars, prepupae, pupae and adults of Spilosoma 
obliqua. These haemocytes were only characterized as PRs, PLs, 
POs, OEs and ADs, which were uniformly found in all stages. 
But in Heliothis armiqera larvae PRs, PLs and OEs were common 
with both S_^  litura and S_^ obliqua. Whereas, presence of CYs 
and SPs was like that of S_._ litura (Khan, et aj, , 1990) . 
Diptera: 
In Sarcophaga falculata pandelle. four types of 
haemocytes were described and were labelled as PRs, 
phagocytes, GRs and OEs (Dennel, 1947) Rizki (1953) 
investigated the haemocytes in the haemolyph of Drosophila 
wiliistoni in its three instars and classified them into PLs, 
POs, SPs, OEs, nematocytes and crystalloid cells. According to 
him, there was a sharp decrease in tl)e number of PLs and 
increase in the population of POs towards the end of third 
instar. The reason for this change was described as 
transformation of PLs into POs. Jones (1956) observed the 
haemocytes of Sarcophaga bullata by phase contrast microscopy 
and reported only the occurrence of PLs, GRs and SPs. However, 
Whitten (1964) studied haemocytes in D^ melanogaster and S. 
bullata and found the presence of PLs, GRs, ADs, SPs and OEs 
in both the species but aside these cells a few multinucleate 
haemocytes were also reported by him in the haemolyph of 
adults only. Further, Nappi (1970) termed the haemocytes as 
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PRs, PLs, POs, laroellocytes and OEs in the D^ . euronotus. Five 
types of haemocytes were observed in D^ melanogaster by 
electron microscope, which were labelled as PRs, PLs, GRs, 
crystal cells and OEs by Yu., C. H. (1976) as compared to the 
observation of whitten (1964) in this species. 
Kaaya and Ratcliffe (3^82) studied the haemocytes in 
Glossina austeni. G. morsitans. Aedes aegypti. Culex 
quinauefascieitus, stonoxys calcitrans. Callivhora 
erythrocephala and Lucilia sericata and described seven types 
of haemocytes as, PRs, PLs thrombocytoids, GRs, ADs, OEs, and 
spindle cells. But by electron microscopy they were able to 
observe only PRs, PLs and SPs. 
Coleoptera: 
According to Arvy and Lhoste (1946) in Leptinotarsa 
decemlineata. (Say) the haemocytes were classified into 
leucoblasts (mother cells), small rounded basophil leucocytes 
with dusty cytoplasm and leucocytes with crystalloids. They 
further found megacytes in the larvae of F^ auricularia . 
Jones (1950), stud'^ed the haemocytes in Tenebrio molitor ^nd 
recognized them as PRs, smooth contour chroniophil ic cells, 
oenocyte like cells, PLs, vermiferm cells, CYs (or coarsely 
granular haemocytes); SPs and degenerating cells. Jones (1954) 
further studied haemocytes in T. molitor by phase contrast 
microscopy and grouped these cells into PRs, PLs, OEs and 
13 
CYs. Again m T. molitor ultrastructure of the haemocytes was 
studied by Zachary and Hoffmann (1973) who reported clotting 
cells, spindDe shaped amoebocytes and phagocytic amoebocytes. 
Later Devauchelle (1971) described the haemocytes of 
Melolontha melolontha as PRs, PLs, GRa, ADs, SPs and OEs, 
According to Ahmad (1974) the haemocytes of Aulacophora 
fovicollis, were PRs, PLs, SPs, OEs and CYs whereas in 
Mylabris pustulata the haemocytes were classified into PRs, 
PLs, CYs, OEs, ADs, and lamellocyte, 
The haemocytes in Dermestes vulpinus. Dermestes 
maculatus. Hybosorus illeqari and Dineutes aerius were 
studied by Al Khalifa and siddiqui (1985) who reported PRs, 
PLs, GRs, SPs, OEs and ADs. 
Hymenoptera: 
Nelson (1924) studied the haemocytes of honey bee, 
Apis mellifera larvae and described single category prior to 
caping and observed second category appearing after caping. 
Muller (1925) could find three types of haemocytes in the 
haemolymph of honey bee, Apis mellifera as leucocytes and 
pycnonucleoc^rtes. Later, Morgan (1953) also observed similar 
haemocytes in A^ mellifera as reported by Muller (1925). But 
Kostecki (1964) reported only proleucocytes and leucocytes 
in the adults of this species and further studied the 
haemocytes in the haemolymph of eggs, larvae and pupae of 
14 
worker honey bee of Apis iriellifera, in which he found PRs only 
in the eggs and larvae while neutrophils, eosinophils, 
basophils, normal leucocytes, pycnonucleocytes, hyaline 
leucocytes and stem cells were reported in the heamolymph of 
the pupae. In the haemolymph of Polistis hebrocus free 
haemocytes contained PRs, PLs, GRs and a special type of cell 
in the females whereas the males of this species had only PRs 
and PLs (Ahmad, 1974; 1986). 
15 
II. 2 SEPARATION OF HAEMOCYTES 
In a few species (5f insects attemps were made to 
separate different types of haeraocytes. John (1977) pioneered 
to separate PLs and GRs in L^ maderae by using adherence 
ability of these cells with the glass surface (glass cover 
slips). Peak (1979) used gradients of Ficoll to separate the 
haemocytes in Calliphora vicinea according to their densities. 
Chain and Anderson (1982) tried the separation of 
haemocyte types in G^ mellonella by injecting Bacillus cereus 
and obtained relatively pure GRs group. However, the method of 
Mead et aX. (1986) for separating the different types of 
haemocytes on Percoll gradient through centrifugation was 
successfully demonstrated in Menduca sexta. G_^ mellonella and 
Blaberus craniifer and they could attain the purity up to 93 
+ 1.5% in M. sexta and 94% in G. mellonella. 
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II. .3 TOTAL HAEMOCYTE COUNTS (THC) IN INSECTS. 
In insects, most of the haemocytes or blood cells 
normally rest on the surface of various organs of the 
haemocoel but some cells circulate freely in the haemolymph. 
The number of these cells varies enormously during 
developmental stages as well as in different physiological 
state (Wigglersworth, 1973) in the same species. 
The number of haeirocytes in haemolymph of unfixed 
insect is always lower in comparison to that of-the haemolymph 
of a fixed insect (Tauber and Yeager, 1935). The reason for 
such variation is the adhesive affinity of the haemocytes with 
the site of withdrawal and coagulation. Wigglesworth (1956 b) 
and Jones & Liu (1961) nave counted fewer number of cells in 
the haemolymph of unfixed R^ prolixus than the number of cells 
in the haemolymph of a heat fixed R^ prolixus. According to 
Wigglesworth (1956a) first drop of haemolymph oozed out of R. 
prolixus had more number of haemocytes than in the second and 
subsequent drops. Matsumoto and Sakurai (1956) explained that 
the cause of presence of more number of haemocytes in the 
first drop of blood than in the subsequent drops in Bombyx 
larvae was the adhesion of the haemocytes to the body tissue 
near the withdrawal site. He further estimated that due to 
adhesion about 883 cells were diminished between first and 
second drops of haemolymph in Bombyx larvae, and about 58" 
cells diminished betwepn second and third drops. 
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Total haemocyte counts (THC) in the haemolymph drawn 
from nymphs, larvae or adults of the same insect varies 
(Webley, 1951). But there can be no general pattern that the 
larvae have more haemocytes than the adults or vice-versa. 
In many hemimetabolous insects the total haemocyte 
counts (THC) IS highly variable during an individual stage of 
development (Han and Gupta, 1987). But generally in 
holometabolous insects the haemocytes increase in number at a 
relatively constant rate during larval growth and reach to a 
maximum in the pre-pupae. Then THC decline very rapidly at 
pupation and eventually fall to a minimum level during pupal 
stage. However, there is slight increase in the THC at adult 
emergence. But the average THC is markedly lower in adults as 
compared to those of larval stage. In both hemi-and holo-
metabolous insects, the THC tend to increase prior to each 
ecdysis, then decrease sharply at ecdysis and again increase 
shortly afterwards. Further, the variations may be dependent 
on different technigues. 
Tauber and Yeager (1934) initiated investigation on 
THC in insects belonging to Orthoptera, Odonata, Hemiptera and 
Homoptera (1935) as well as Neuroptera, Coleoptera, 
Lepidoptera and Hymenoptera (1936). According, to them the THC 
in the nymphs of hemimetabolous insects were lower as compared 
to those of the respective adults. On the other hand, in 
holometabolous insects the larval THC were higher than those 
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of respective imaqinal stage. They also suggested that certain 
physiological and pathologjcal states of insects such as 
parasitism, oviposition (or carrying ootheca) and ecdysis may 
be associated with excessively high total counts. 
The THC variations in insects were reviewed and 
discussed by Munson (1953), Jones (196?,1964,1970 and 1977) 
Wigglesworth (1959 & 1965) and Gupta (1979). 
A. THC in Hemimetabolous Insects 
(i) In normal insects; 
In hemimetabolous insects such as in Schistocerca 
qregaria larvae, Mathur and Soni (1937) found lower THC value 
than that of the adults. Smith (1938), Arvy et al. (1948) and 
Ogel (1955) recorded that in some species of Orthoptera, the 
nymphs have higher THC than that of the adults. 
THC may also vary among the sexes of the same 
species (Arvy et aj,, 1949) . In some species, the males have 
higher THC than the females. Whereas, in other insects reverse^ 
is true. Smith (1938) recorded that the male Periplaneta 
americana had higher THC than females. Arvy et. al. (19491 
studied THC in mantids and found that the females had higher 
THC than the males. 
In Locusta migratoria migratoroides (Webley, 
1951), P. americana (Wigglesworth 1955; Jones, 1964), during 
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the nymphal period the THC decreased at each moult and then 
enhanced again. However, according to Wheeler (1963) in P. 
americana the reason for decrease of THC at moulting may be 
the increase in blood volume at this stage. The mean THC of 
third stage Melolontha larvae was 400/mm^ (Collin, 1963). In 
Oncopeltus fasciatus, Feir and Conner (1969) found that THC 
increased slightly during the first three days after ecdysis 
(35500/mm^ - 40500/mm3). Bahadur and Pathak (1971) observed 
variations in the THC in relation to ecdysis, development and 
sex in the bug, Halys dentata Zaidi and Khan (1975) studied 
THC of Dysdercus cinqulatus and according to them THC reached 
to a peak level during the intermoult period and prior to the 
metamorphosis in the 5th instar nymphs. Further, the THC 
pattern was based on dimorphism i.e. the females had 
significantly higher THC than those of the males ot the 
corresponding age. Furthermore, the number of cells were 
maximum before mating in the males and prior to the laying of 
each batch of eggs in the females. Bhargava et al. (1980) in 
D. cinqulatus confirmed higher THC in the females than that of 
the males. Further, they also verified the earlier 
observations that in both sexes there was a gradual rise in 
counts from the beginning of each stage until a sharp fall 
before the next moult. But the number of haemocytes generally 
increased gradually from 3rd nymphal instar to the mature 
adult. The THC in adult Chrotoaonus trachvpterus and Acrida 
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exaltate varied from 1110-30?0/inin3 haemolymph and from 1900-
3326 mm^ haemolymph respectively (Sharma and Dutta 1979). 
Islam and Roy (1982) in Schizodactylus monstrosus noticed that 
THC appeared to be much lower duridng the day than at night. 
(ii) In experimental condition: 
Gupta and Sutherland (1968) described that 
chlorodane caused some apparent increase in THC of treated 
American cockroach, P. americana L. Further in Halys dentata 
THC decreased after the extirpation of corpora allata m the 
early life-span of the adults, while an abrupt increase was 
noted after the 7th day. When both corpora allata and corpora 
cardiaca were extirpated, the counts were significantly 
decreased throughout the life span of adults. However, when 
on]y corpora cardiaca was removed, there was no significant 
variation up to the 7th day but later on the count gradually 
decreased. The implantation of brain, corpora cardiaca and 
corpora allata was followed by a significant rise in the THC 
through out the life span. If corpora cardiaca of one day old 
adult is implanted into one day old adult it caused 
significant rise in THC. It is concluded that corpora cardiaca 
influences the THC after a critical period (Pathak, 1983). 
According to Ahmad (1986) following the injection of different 
doses of Makisterone A to the 5th instar hoppers (48 hrs old) 
of Hieroqlyphus nigrorenletus, the THC of the female hoppers 
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were more significantly reduced than those of the male 
hoppers. Likewise, following moulting of the treated hoppers 
the THC of the adult females were much lower than those of the 
males of corresponding age. The effect on THC was dose based. 
Qamar {1990} studied comparative effect of sub 
lethal concentrations of DDT (ppm LOOO, 25C0, 1250, 625 and 
312.5), Cythion-a 90% malathion (ppm 8C, 60, 40, 20 & 10) and 
Furadan (ppm 10, 8, 6, 4 & ?,) , following topical application 
of each concentration on the 4th and 5th instar nymphs (24 hr 
old) of Dysdercus cingulatus on the THC of the subsequent 
stages as well as that of the nymphs of Fl generation but the 
THC of the nymphs of Fl generation did not vary as compared to 
that of the control. 
B. THC in Holometabolous Insects: 
(i) In normal insects: 
Arvy et al. (1948) suggested that there was no 
significant difference in the THC of the adults, pupae and 
first stage larvae of Leptinctarsa decimlineata. Jones (1955) 
made THC in Sarcophaqa bullata and found higher values in the 
larvae than in the pupae. Arnold (1952) and Nittono (1960) in 
the Anaqasta sp. observed that THC was definitely higher in 
the larvae than that of the other stages. THC variations 
were observed in normal as well as in different experimental 
'.ii 
conditions in Galleria mellonella (Stephens, 1963; Srivastava 
and Richards, 1964; Shapiro, 1966; Jones, 1967; Jones and Liu, 
1968 and 1979). In the 5th, 6th and 7th instar larvae of G. 
mellonella. the THC increased during larval development in 
both heat fixed and unfixed larvae but counts from heat fixed 
insects were higher than those of the unfixed larvae (Shapiro, 
1966) . The THC in the army worm, Pseudaletia unipuncta were 
high in moulting 5th instar larvae but after moulting the 
haemocyte population decreased and continued to fall up to 
prepupation fWitting,1965b) . According to Shapiro et aj. 
(1969) in Heiiothes zea larvae the change in haemocytes 
population occurred from the age of 6 to 10 days (between 
25000/mm^) . Kitano (1969) noticed that in Pieris rapae 
crucivora cell population from early 5th instar appeared to 
be higher than those of late 5th instar . Raina and Bell 
(1974) found that THC of diapausing larvae of Pectinophora 
qossypiella were significantly reduced with respect to all 
types of haemocytes. But on termination of diapause, the THC 
in larval and early pupal stages of Papillio demoleus, in 
relation to the haemolymph, changes were associated with 
metamorphosis. According to Arnold and Hinks (1976) in the 
larvae of noctuid Euxoa declarata, in general, cell number 
increased from 6,000/mm^ tc 20,000/mm^ between 2nd to 6th 
instar larvae. In Bombyx mori. Wago and Ichikawa (1979) found 
that there was a gradual increase in THC from first to third 
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instar larvae and then there was^  remarkable increase from 4th 
to 5th instar. Kaaya and Otieno (1981) in Glossina morsitans 
and Gj_ pallidipes noticed that THC significantly dropped 
during the first 48 hours following emergence of the adult and 
then the values levelled off with the exception of minor 
fluctuations. The sudden drop in THC resulted primarily from 
a remarkable decrease in the number of the spindle cells in 
the haemolymph, Nishi (1982) in Spodoptera litura recorded 
gradual enhancement of THC from 5th instar to late 6th instar 
stage (pre-pupae) and then fall at pupal stage. 
(ii) In experimental conditions; 
Jones and Warner (1969) observed that when Galleria 
larvae were injected with saline they showed lower THC (13630-
21950/mm3 ) as compared to those of normal larvae (27053-
37744/mm3 ). Further, Jones and Liu (1969) found that THC of 
heat fixed larvae of G. mellonella. following ligature behind 
the head, were not significantly reduced over a period of 7 
days, while in the larvae ligatured in the thorax the THC were 
rapidly reduced by over 50%. However, when the larvae were 
ligatured in the middle of the abdomen, THC were significantly 
lower in unfixed counts in the blood from both halves of the 
body than in untreated larvae. But in all cases of ligatured 
insects the front half of the body had significantly more 
haemocytes than that of the posterior part. Hinks and Arnold 
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(1977) examined fifteen species of Lepidoptera and concluded 
that THC were reduced zn the posterior section of the larvae 
which were ligatured in the middle. Nishi (1982) observed the 
effect of different doses (0.5 ug, 1.0 ug, 2.0 ug 4.0 ug and 
6.0 ug,) of B-ecdyson (moulting hormone) on the THC of the 6th 
instar larvae, pre-pupae and pupae of Spodoptera litura. 
According to her THC enhanced with respect to 0.5 ug and 0.1 
ug doses in the 6th instar larvae which moulted from the 
treated 5th instar larvae and in the pre-pupae moulted from 
the treated 6th instar larvae but such an increase was 
statistically insignificant as compared to control. However, 
the loss of THC in 6th instar larvae, pre-pupae and pupae were 
significant when treated with 4.0 and 6.0 ug B-ecdysone in 
respectively earlier stage. Again in S. litura, Rao et 
el.(1984) observed the effect of ligation and ecdysone on THC. 
Ligation of 5th instar larvae behind the thorax resulted 
initially in a decrease in THC in both posterior and anterior 
halves. But 48 hours after ligation the cell number increased 
in the anterior half. They explained the possibility because 
of the presence of prothoracic glands and haemopoietic organs 
in that part of the body. Ignoffo et ai. (1983) in 
Trichoplusia sp. Injected with blastopores of Nomuraea rillevi 
noticed that THC decreased about 6-7 times from an average of 
8990/ul (day-2 post injection to a low of 1350/ul fday-6 post 
injection). 
Ahmad (1986) further examined THC in the larvae of 
Spodoptera litura following ingestion of different doses of B-
ecdysone (0.5 ug, 1.0 ug 2.0 ug, 4.0 uq and 6.0 ug ) by the 
5th and 6th instar larvae and registered significant fall in 
THC of the larvae of the next stage. Subsequently, in the pre 
pupae and pupae THC became negligible in number. Further, by 
injecting different doses of Makisterone A (a phytoecdysone) 
to 5th instar larvae of S. litura (24 hr old) following 
moulting in the larvae of the next instar and then in the 
prepupae THC were significantly dropped. 
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II. i DIFFERENTIAL HAEMOCYTE COUNTS fPHC) IN INSECTS 
The proportion of. different types of haemocytes 
(DHC) in the haemolymph changes during the developmental 
stages and life cycle of the insects. The data on the 
variation of DHC in insects are meagre as compared to those of 
THC (Jones, 1962) . 
A. DHC in hemimetabolous insects 
(i) In normal insects; 
Hrdy, (1958) made DHC in Acheta domesticus and found 
that in the last moulting cycle the number of PLs went down at 
ecdysis and the "degenerating cells" (cystocytes) increased 
and the number of other types also fluctuated. Wheeler (1965), 
observed in Periplanata americana that the CYs increased in 
proportion to other cells before ecdysis and reached to a 
maximum level at ecdysis and then decreased. 
Jones and Liu (1961) observed that in R^ prolixus 
PRs and ADs increased prior to ecdysis. At the time of 
ecdysis, PRs a^nd GRs increased whereas, PLs, OEs and ADs 
decreased. After ecdysis PLs and OEs were higher in number but 
GRs were less. During nine days, R. prolixus took its blood 
meal the plasmatocytes increased and granular haemocytes were 
strikingly decreased. Arnold (1969) in Blaberus qiqanteub 
studied the differential haemocyte counts in serial blood 
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samples taken before and after dark fro^ individual adults to 
determine whether the haemocytes population changed regularly 
along with the cycle. According to him, in 4 of the 16 
individuals tested, there was a substantial increase in the 
relative percentage of SPs and a somewhat proportional 
decrease in GRs after dark. But according to Roy and Bagchi 
(1973) in P. americana the percentage of PLs, PRs, GRs, SPs 
and spindle shaped PLs were respectively in descending order. 
Zaidi and Khan (1975), in adult Dysdercus cinqulatus stated 
that the percentage of PRs was very small in comparision to 
that of the PLs and ADs. The OEs and GRs were also poorly 
represented. Further the percentage of PLs was higher in the 
newly emerged females than that of the males of the 
corresponding age. However, in both sexes PLs percentage 
increased with ageing especially after the first reproductive 
cycle whereas that of the ADs was highest of all the other 
types of cells and m.ore significantly higher in the males than 
in the females following emergence. Contrary to the percentage 
of PLs, that of ADs decreased with advancing age and became 
low m both sexes especially after the first reproductive 
cycle. In Chrotoqonus trachypterus , the PLs ranged from 52 to 
57%, PRs from 26 to 32%, GRs and CYs from 11 to 14% and the 
rest of the types from i% to 4% of the total free haemocytes 
in circulation (sharma and Dutta, 1979). Islam and Poy (1982) 
in Schizodactylus monstrosus noted that at night the 
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percentage of PRs and SPs increased substantially over that of 
GRs, PLs and ADs respectively. 
(ii) In experimental conditions: 
Jones (1967) made the differential counts (DHC) in 
R. Prolixus and concluded that the percentage of PLs increased 
and that of GRs decreased during the fasting period following 
each moult. After a blood meal during 4th and 5th stage, the 
number of PLs was reduced and that of GRs increased. On the 
other hand, jr. the adults following feeding, the percentage of 
PLs increased and that of GRs enhanced. The PRs under mitotic 
phase were abundant during first half of the period following 
feeding in both 4th and 5th instars. According to Gupta and 
Sutherland (1968) in chlordane treated P. americana there was 
decrease in the number of PLs, GRs and SPs. When 5th instar 
hoppers (48hrs old) of Fieroglyphus nigrorepletus were 
injected with different doses of Makisterone A (a 
phytoecdysone) all the haemocytes were pathologically affected 
and after 3 days haemocyte counts revealed that GRs were most 
affected than other cells. PLs were next in order. Since OEs 
were most resistant cells, their percentage was eventually 
higher in the emerged adults (Ahmad, 1986). 
In P.cjngulatus (Qamar, 1990) following the topical 
application of sub-lethal concentrations of DDT (ppm 5000, 
2500, 1250, 625 and 312.5), Cythion-a (ppni 80, 60, 40, 20, and 
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10) and Furadan (ppm 10, 8, 6, 4, and 2 ) on the 4th and 5th 
instar nymphs (24 hr old) following moulting to the subsequent 
stages, ADs were the most susceptible cells even by the lower 
concentrations of all the three insecticides. PLs, PRs and OEs 
were relatively less affected. Further Furadan and Cythion had 
relatively more destructive effect as compared to DDT. 
However, in the nymphs of Fl generation of treated nymphs 
different haemocytes were genernally normal as compared to the 
respective controls. 
B. DHC in holometabolous insects: 
(i) In normal insects; 
Jones (1967) in G_^  mellonella found that during the 
active feeding phase, PRs and PLs were the predominant 
haemocytes (95%). But during the non-feeding and pre-cocoon 
spinning periods ADs were also found. As the spinning futher 
continued, the proportion of ADs increased and reached a peak 
in highly cocooned larvae and then declined. Mature ADs 
increased to a maximum of 37% in newly formed pupae. SPs 
decreased during prepupation and were not observed in pupae. 
As the larvae transformed into pupae the percentage of PLs 
decreased to about 40%. Shapiro et ai. (1969) in Heliothis zea 
noted increase of SPs from 38% in 5 day old larvae to 59% in 
8 day old larvae and then these cells dropped in number. PRs 
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and PLs initially decreased froin 5 to 8 day and then increased 
up to pupatior^. However, OEs remained fairly stable at 1-2% . 
According to Nappi (1970) in Drosophila euronotus PLs were the 
most numerous type of haemocytes during development whereas, 
POs and lamellocytes, both variant forms of the PLs, increased 
in percentage during larval development. OEs which first 
appeared in 2rd stage larvae increased in percentage up to 3rd 
and final stage and then decreased markedly during the 
prepupal stage. 
Further, Takada and Kitano (1971) in 5th instar. 
Pieris rapae crucivora larvae recorded PLs 4%, GRs 54%, PRs 1% 
and OEs 4.4% . Nishi (3 982) in S. litura observed that the 
percentage of PLs increased from 5th instar to late 6th instar 
larvae (pre-pupae) showing iraxiraum percentage of these cells 
which declined in 2 day old pupae. On the other hand the 
percentage of PRs decreased at prepupal stage as compared to 
that of PLs. But PRs registered maximum percentage at pupal 
stage. The cell density of ADs was maximum at prepupal stage. 
The percentage of SPs was higher in 6th instar larvae than 
that of 2 day old 5th instar and late 6th instar larvae. 
(ii) In experimental conditions; 
Jones ("1957) found low percentage of phagocytic 
cells, PLs among DDT treated meal worm larvae. Takada and 
Kitano (1971) observed changes in DHC in Pieris rapae 
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crucivora following injection of India ink, showing increase 
in GRs and fall in PLs in proportion. PRs increased, reaching 
a peak 24 hour post-injection, and then decreased. Raina and 
Bell (1974) in Pectinophora gossypiella found that during 
diapause the percentage of all haemocytes was lower in the 
larvae than that of the non-diapausing larvae. Later, Hinks 
and Arnold (1977) examined fifteen species of Lepidoptera and 
recorded a more marked decline in PRs and PLs than in other 
types of haemocytes, when larvae were ligatured in the middle 
of the body. But larvae with two or more ligatures usually 
showed higher percentage of PRs and PLs in the parts of the 
body that included the haemopoietic organs. Inclusion of the 
head and thorax in such sections resulted in still higher 
counts of PRs and PLs as well as higher mitotic indices. Nishi 
(1982) observed the effect of different doses (0.5,ug 1.0 ug, 
4.0 ug and 6,0 ug) of B-ecdysone (moulting hormone) on DHC in 
S. litura and found that following the application of these 
doses on the 5th instar larvae and then after moulting the 
percentage of PLs increased in 2 day old 6th instar larvae and 
pre-pupae whereas that of PRs enhanced in 6th instar larvae 
and pre-pupae but declined in 2 day old pupae with respect to 
injection of 0.5 ug and 1.0 ug doses. The percentage of ADs 
subsequently dropped by the application 0.5 ug dose in the 
6th instar larvae, prepupae and pupae. The percentage of POs 
increased in 6th instar larvae but declined to negligible 
percent in the pre-pupae and pupae. The OEs were the only 
resistant cells to B-ecdysone as their percentage was not 
affected much even by the injection of strongest dose (6,0 ug 
B~ecdysone/larvae). 
According to Ahmad (1986) when different doses of 
B-ecdysone were ingested by the 5th instar larvae (24 hr old' 
of S_^  litura, in the next stage following moulting, PRs 
percentage increased due to less damage to these cells and 
more destruction of other cells. Further intensive damage 
occurred to ADs, CYs and SPs and their percentage became 
negligible in pre-pupae. The changes were dose based. When the 
treated larvae reached pre-pupal and pupal stage, PRs were in 
very high percentage than that of the PLs whereas other cells 
were almost absent. Similarly, when 5th instar larvae of S. 
litura, were injected with different doses of Makisterone A (a 
phytoecdysone), following their moulting to 6th instar the 
percentage of ADs, CYs and SPs became zero even with the 
effect of wecikest dose (0.5 ug/larva). PRs were more abundant 
than PLs but OEs still formed higher percentage due to their 
resistance to this chemical (Ahmad, 1986). 
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II. 5 OCCURRENCE OF LIPIDS, GLYCOGEN AND TOTAL PROTEINS IN 
THE HAEMOCYTES OF INSECTS 
Haemocytes are the known sites of intermediary 
metabolism and storage of certain metabolites. The occurrence 
of various metabolites have been histochemically detected in 
the haemocytes of a number of insects species. Carbohydrates 
are stored in the haemocytes as mucin (neutral glycoprotein) 
or in acidic form with sulphate or sialic acid residuces 
(Ashhurst, 1979) . 
Presence of lipids in the haemocytes of insects were 
reported in a few species only. 
Babers (1941) assayed the distribution of glycogen 
between haemocytes and Plasma in Prodenia larvae following 
feeding on a glucose-starch paste and he concluded that most 
of the glycogen was deposited m the haemocytes. Yeager and 
Munson (1941) histochemically detected the presence of 
glycogen in the PLs and CYs of Prodenia eridenia. They further 
stated that blood cell glycogen increased during normal larvae 
development until it attained maximum in the prepupae and then 
it rapidly decreased and remained at a low level during most 
of the pupal period but tending to disappear towards the end 
of this period. In the first-instar and probably in the adult, 
blood-cell glycogen occurred very infrequently. In the same 
species, there was a decrease or loss of blood cell glycogen 
due to the administration of poisons like arsenicals, 
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fluorides and mercuric chloride (Yeager and Munson, 1942). 
Glycogen was also reported ir the haemocytes of G. 
mellonella by Ashhurst and Richards (1964b) who used PAS 
method in Blaberus qiganteus but failed to detect glycogen in 
the haemocytes of this species. Similarly Costin (1975) using 
PAS diastase method could not find glycogen in the haemocytes 
of the fifth-instar hoppers of Locusta miqratoria. On the 
other hand, by the electron microscopy, Brehlin e^ a/l, (1975) 
detected glycogen in abundance in the GRs of fifth instar 
hoppers of Locusta sp. According to him, due to the presence 
of abundant mucopolysachharide or mucoprotein, glycogen was 
masked in histochemical technique. Crossley (1975) is of 
opinion that glycogen, especially in its B-form, has a 
distinctive ultrastructure. Further, glycogen was observed in 
the haemocytes of R. prolixus (Lai-Fook, 1968), Calliphora 
erythrocephala (Crossley, 1968), Blaberus qiganteus (moran, 
1971) and in Antheraea pernyi (Beaulaton and Monpeyssin, 
1976) . However by PAS test in the SPs of G. mellonella, 
glycogen could not be detected (Ashhurst, 1982). 
Ahmad (1986) selected 17 species of insects 
belonging to Orthoptera, Dictyoptera, Hemiptera, Lepidoptera, 
Diptera, Hymenoptera and Coleoptera to find out the occurrence 
of glycogen by histochemical method (PAS test) but it was 
found only in the haemocytes of the larvae of lepidopterous 
species Spilosoma obliqua and Spodoptera litura from 3rd 
instar to early pupae. In the former species glycogen was seen 
in the form of fine granules as well as small to large 
magnetia colov'red inclusions of different shape whereas, in S. 
litura larvae glycogen deposits were in lesser number of cells 
and only in the form of inclusions. On topical application of 
sublethal concentratins of DDT and Furadan on the 3rd instar 
larvae of both the species glycogen deposits of the haemocytes 
tended to disintegrate and disappeared progressively in the 
subsequent developmental stages and the effect was 
concentration based. 
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XI. 6 PHAGOCYTOSIS AND EilCAPSULATION BY INSECT HAEMOCYTES 
(i) Phaqocytosis: 
One of the functions of the haemocytes is to engulf 
foreign particles of the blood i.e. "phagocytosis" which has 
been experimentally demonstrated by injecting India ink in the 
haemocoel or smaller biological materials such as fungi. 
Metalnikov (1929) was first to demonstrate the phagocytosis by 
the haemocytes of Galleria mellonella. Since then a number of 
reports are available on this aspect of insect haematology 
(Robinovitch and De Stefano, 1970; Ratcliffe and'Rowley, 1975, 
1979) . However phagocytic activity of insecr haemocytes in 
relation to the injection of fungi in the haemolymph has been 
studied in only some insects. 
Boczkowska (1935) cismonstrated the phagocytosis of 
fungal spores of Meterrhizium anisopliae by the haemocytes of 
Galleria mellonella. Sirotina (1961) studied the phagocytosis 
of Beauveria bassiana by the haemocytes of Leptinotarsa 
decemlineata, which eventually caused reduction of PLs. On the 
other hand injection of Aspergillus flavus and Aspergillus 
niqer in the haemolymph of Cecropia sp. was followed by an 
increase in the total haemocyte counts. Sussman, (1952) 
recorded phagocytosis of Aspergillus flavus by the haemocytes 
in Hyalophora sp. and mentioned disintegration of cell 
membrane in the phagocytic cells. However, in the same species 
of wax moth, Lea and Gilbert (1966) recorded higher number of 
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circulating cells due to infection of a fungus and on this 
basis he asserted that the blood picture of an insect may 
express its healthy or morbid condition. 
(ii) Encapsulation and Effect of Protozoa: 
Apart from phagocytosis, insect haemocytes are also 
known for encapsulation of foreign biological bodies m the 
blood which are generally larger in size as compared to those 
engulfed by phagocytosis as a defence mechanism (Ratcliffe and 
Rowley, 1979 and Wigglesworth, 1979). According to Salt (1970) 
encapsulation involves recognition of foreignness of the 
material due to the release of some chemicals from the 
haemocytes and sensing the interaction with the foreign 
object. Nappi and Stoffolano (1972) in Musca domestica 
autumnalis supported the idea of Salt (1970), which was 
further, confirmed, by Crossley, 1975 and Nappi, 1975. 
According to Gupta (1985) generally the GRs are involved in 
the encapsulation of foreign material and thus he labelled 
these haemocytes as immunocytes. Later, with reference to 
German cockroach, Blattella qermanica Gupta and Han (1988) 
explained the contributivon of the GRs showing higher number of 
microtubules and nuclear pores during encapsulation. Further 
Han and Gupta (1989) stvidied the encapsulation of nerve cord 
and plain gut, through surgical suture by GRs of Blattella 
qermanica and under electron microscope observed 20 subsequent 
layers of these haemocytes involved in encapsulation. 
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II. 7 PATHOLOGICAL EFFECT OF CHEMICALS ON THE HAEMOCYTES 
In a number of insects the effects or application of 
chemicals including insecticides on the morphological and 
histological component? of the haemocytes were studied by 
histological methods. However, the data on this aspect of 
insect haemotology are still inadequate to generalize the 
toxicity of any one chemical or different chemicals on the 
haemocytes of a particular group of insects. 
Effect of chemicals on the haemocytes was 
investigated for the first time by Mclndoo (1917) who studied 
the exposure of Apis mellifera to nicotine vapours and 
observed consequent over vacuolizatior of haemocytes. 
However, Tareeva and Nonjuko'^ ' (1931) found abnormally large 
haemocytes in grass hoppers, Calliptamus ital '.cus due to the 
toxic effect of sodium arsenate. Shull et^  aj,. (1932) reported 
the effect of some toxic gases and vapours (fumigation) of 
ammonia, carbon disulphide, carbon tetrachloride, chloroform, 
1,2, dichloroethane, hydrochloric acid, acetic acid, amyl 
acetate, trichloroethane, tetTra chloroethylene, diethyl ether, 
hydrogen cyanide, benzene, nitrobenzene, chlorobenzene, para 
dichlorobenzene, cyclohexane, bromocyclohexane, methyle 
cyclohexane, xylene, cymine, toluidine, dimethyl aniline, 
diethyl amine, methylsalicylate, pyridine, nicotine, 
nephthaline, tetrahydrone nephthaline, limonine and d-camphor 
when they reported granulation of the cytoplasm and low number 
39 
of haemocytes owing to the treatment with carbon di sulphide 
whereas with the rest of the above mentioned compounds, no 
apparent change was observed. Pilot (1935) also could not see 
any change in the haemocytes of locusts. When these were 
exposed to sodium arsenite and sodium fluoride (0.1 and 0.2%). 
However, he reported disintegration and destruction of 
haemocytes and increased number of mitotically dividing 
haemocytes. 
Lepesme (1937) reported frequent mitosis, 
vacuolization and complete break down of haemocytes in 
Schistocerca gregaria by contact application of sodium 
arsenite. But Woke (1940) did not find any change in the 
haemocytes of Prodenia eridania due to oral consumption of 
phenothiazine. Yeager and Munson (1942) observed clear 
response in the haemocytes of southern army worm, Prodenia 
eridania following exposure to nicotine bentonite, rotenone, 
nicotine, peat, pyrethrum, phenothiazine, barium 
fluorosilicate, sodium fluoroaluminate, sodium fluoride, 
mercuric chloride, calcium arsenate, calcium arsenite, 
arsenite, arsenic trioxide and lead arsenate and also recorded 
low glycogen concentration in the haemocytes. Further, Yeager 
et ai. (1942) in P. americana found toxic effect of sodium 
arsenite on the haemocytes and recorded 87% mortality in India 
ink injected and 40% mortality in normal roaches and concluded 
that India ink impeded the efficiency of haemocytes to combat 
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the chemical sodium arsenitn. Arvy et. aj,. (1950) observed 
cytolysis and nuclear deformation following oral consumption 
of DDT by the beetle Leptinotarsa decemlineata. Arnold (1952) 
also observed cytological changes in the haemocytes of the 
Mediterranian flour moth, Ephestia kuhniella following 
fumigation by dichloroethyl ather, carbon tetrachloride and 
methyl bromide. 
In the haemocytes of Pediculus humanus swelling of 
the chromatin caused enlargement of nucleus following topical 
application of carbon tetrachloride but prolonged exposure 
caused lysis of the nucleop.lasm and cytoplasm (Hopp; 1953). 
Bandhopadhyay (1970) recorded over vacuolization m 
the nucleus of the haemocytes of P. americana. Roy and BaghchJ 
(1973) in P. americana investigated the effect of parathion, 
endrin and thiodan on the haemocytes and noticed granulation 
of the cytoplasm as well as over vacuole formation. Bhargava 
and Pillai (1977) found cellular changes in the haemocytes 
following the topical application of a chemosterilant, 
apholate, on Dysdercus koeniqii. Zaidi and Khan (1977) studied 
the effect of topical application of technical Aldrin and 
Dipterex on the haemocytes of D_^  cinqulatus Fabr. and observed 
pathological effect in different haemocytes. ADs and GRs were 
found as most susceptible cells even to the weaker 
concentrations of these chamicals whereas OEs were the 
resistant type of cells and remained unaffected even by the 
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strong concentrations of these compounds. The pathological 
effect on the haemocytes were in the form of cytoplasmic 
extensions, abnormal vacuolization, dispersed state of 
cytoplasm and swollen nuclei. Behura and Dash (1978) observed 
over vacuolization in the haemocytes of some of the aphids 
following application of 0.01 % of dimethoate, fenitrothion, 
parathion, methyl demeton and thiometon. Further, these 
haemocytes showed ruptured cell membrane, broken nucleus and 
shrinkage of the cell membrane in the affected aphids. 
According to Nishi (1982) by injecting different doses of B-
ecdysone (0.5 ug, 1.0 ug, 2.0 ug, 4.0 ug and 6.0 ug/larva) to 
the larvae of 5th and 6th instars (24 hrs old) of Spodoptera 
litura, in the subseguent stages haemocytes were 
pathologically affected showing dislocation of nucleus, 
cytoplasmic and nuclear vacuolization, rupturing of the cells 
and finally complete disintegration, which were dose-based. 
Farks (1984) found stimulation in the number of mitotically 
dividing haemocytes in Galleria mellonella and Tenebrio 
molitor by injecting cholesterol, hydrocortison and 10% 
glucose. 
Ahmad (1986) made detailed and comparative study or 
the haemocytes of Spilosoma obliqua and Spodoptera litura 
following the topical application of respective sub-lethal 
concentrations of DDT and Furadan (an organophosphate). 
Following the application of sub-lethal concentrations of DDT 
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(0.2, 0.3 and 0.4%) on the 3rd instar larvae of S^ obliqua, in 
the subsequent stages of development, ADs were most damaged 
and were adversely affected even by the weakest concentration 
whereas OEs were the most resistant cells and these were not 
completely damaged even by the strongest concentration (Ahmad 
and Khan, 1987) . In case of S. litura larvae (3rd instar) the 
sub-lethal concentrations of DDT were 0.05, 0.1 and 0.2%. 
Following the application of these concentrations in the 
subsequent stages there was concentration based damaged in all 
types of cells. However, OEs were comparatively least affected 
even by the strongest concentration. Following the application 
of sub-lethal concentration of Furadan (0.0125%, 0.025% and 
0.05%) on 3rd instar larvae of S. obliqua, in the subseguent 
stages all types of haemocytes particularly ADs and PLs were 
damaged even by weakest concentration (Ahmad and Khan, 1987). 
When sub-lethal concentrations of Furadan (0.1, 0.2 and 0.3%) 
were topically applied on the 3rd instar larvae of S. litura, 
in the subsequent stages of development, PRs were 
comparatively less sensitive whereas, PLs, POs and GRs were 
relatively more susceptible. CYs and SPs were most rapidly 
affected than other types of cells. In general the 
pathological effect on all types of haemocytes was 
concentration based, (Ahmad, 1986). 
Further, Ahmad (1986) demonstrated that on feeding 
different does of B-ecdysone (0.5ug, 1.0 ug, 2.0 ug 4.0 ug and 
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6,0 ug/larvae) to the 5th instar larvae of S. litura all types 
of haemocytes except OEs were damaged in the 6th instar. 
However, ADs, CYs and SPs were intensely damaged even by the 
intake of 0.5 ug B-ecdysone. On the other hand, ingestion of 
these doses of B-ecdysone by the 6th instax" larvae caused 
insignificant damage ro PRs even by strongest dose. Other 
cells except OEs were most affected (Ahmad, 1986). Ahmad and 
Khan (1988) demonstratea the toxic effect of sub-lethal 
concentration of Triol (an analogue of ecdysone) and 
Makisterone A (a phytoecdysone) by injecting these 
insecticides into the haemocoel of 5th instar hoppers of 
Hieroqlyphus nigrorepletus. According to them there was 
selective damage of these haemocytes after 72 hours following 
injection but Triol was more effective than Makisterone A. 
Khan, et al. (1990) summarized the toxic effect of 
Triol and Makisterone A on Dysdercus cingulatus and Diacrisia 
obliqua and mentioned the pathological changes in the 
haemocytes number and DHC in two successive generations of 
these species following injection of sublethal doses of these 
compounds. 
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Ill M?^TERIALS AND METHODS 
III. 1 BREEDING AND MAINTENANCE OF STOCK CULTURE 
A, Leptocorisa vdricornis. 
Both nymphal and adult stages of L. varicornis 
were collected from the near by paddy fields in the campus of 
the Aligarh Muslim University,Aligarh. These were maintained 
in the laboratory at a temperature of 28+4 C and relative 
humidity of 75.5% on paddy leaves, A stock culture of mixed 
population was maintained and emerged adults as welJ as 
moulted nymphs were sorted out and labelled with the date of 
emergence so as to know their respective ages. 
Later, this species was also collected from Al-Kharj, 80 Km, 
South of Riyadh in Saudi Arabi'a and maintained likewise on 
t 
young leaves of grass as food. 
B. Nepa cineria: 
Nymphal and adult stages of N_^  cineria were 
collected from a pond near the Aligarh Muslim University 
campus. The adults and nymphs were kept in glass jars (6x12") 
each with a thick mud layer at the bottom topped with pond 
water. Five, each of nymphs or adul'is were ]cept in a single 
jar and the jars were maintained at 30+1 C and 75+5% relative 
humidity, and mosquito larvce were provided as food ad lib. 
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Nymphs were segregated at each moult to maintain age wise 
stock. 
C. Adesmia cancellata: 
Adesmia cancellata were collected from the fields in 
Dirryya, 35 Km in the north of Riyadh, and kept in the 
laboratory on cat food, at 22+1, C and 65% R.H. 
D. Dermestes vulpinus. 
Dermestes vulpinus were collected from near and 
under the carcas of the dead sheep^ in the out"skirt of Al-
Kharj, 80 Km in the South of Riyadh and were maintained and 
reared in the laboratory on sheep skin, at 2 2+1 C, 60% R.H. 
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III. 2 PREPARATION OF STAINED 5MEAR3 OF BLOOD: 
Smears of haemolymph (blood) were made from all 
nymphal stages as well as from the males and the females of L. 
varicornis. N. cineria, A. cancellata and D. vulpinus 
according to the method described by Jones (1962). For this 
purpose blood was oozed through amputation of an antenna or a 
foreleg and the oozed drop was applied on clean glass 
microslide , The following drop was applied on a clean glass 
slide and with the help of another glass slide uniform smear 
was made. It was air dried, fixed with methanol and stained 
with Giemsa or Leishman stain at pH 6.5 and mounted in Canada 
balsam or D.P.X. for examination. 
The smears were fixed in different fixatives such as 
Carney's solution, ethyl alcohol, formalin vapours and 
methanol but best result was obtained with methanol for 
Giemsa's and Leishman's Stains. 
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III. 1 HISTOLOGICAL TECHNIQUE FOR HAEMOCYTES: 
The larvae and adults of A. cancellata were 
heat fixed at 60 C for two minutes before beheading them to 
facilitate the proper penetration of the fixative, Bouin's 
solution. These were fixed for 48 hours and then were 
dehydrated with graded ethanol for 2 hours in each grade 
30% to 90% except in absolute alcohol in which two changes 
each for 24 hours were made, cleared in xylol for 24 hours 
and mounted in wax (B.D.H. .U.K.) after its infiltration for 
24 hours at fO C. The 7 um sections were cut at rotary 
microtome (Reichert, Austria) and stained with haemotoxyline 
and eosin and haemocytes were photographed by microscope 
(Carle Zeiss, W.Germany). 
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III. 1 TECHNIQUE FOR ELECTRON MICROSCOPY (EM) FOR ULTRA 
STRUCTURE 
The method of Kayya and Ratcliffe, (1982) was 
followed for electron microscopy of the haemocytes of A. 
cancellata whose blood was directly collected into ice-cold 
2.5% glutaraldehyde in 0.05M cacodylate and left for fixation 
for 60 minutes. The fixed blood was washed in buffer at pH 7 
2.5% glutaraldehyde, 0.05M cacodylate with 0.15M sucrose for 
a period of twenty four hours in several changes. Then fixed 
in 1% osmium tetroxide for 60 minutes and dehydrated in 
alcohol grades ranging from 30% to absolute, with each change 
of 30 minutes, except two changes in absolute alcohol so as to 
ensure complete dehydration. The dehydrated blood was 
transferred to a solution of resin (embedding material) in 
propylene in 1:2 ratio for overnight on a rotator. The 
material was transferred again to same mixture with changes 
in concentrations, 1:1 and 2:1 ratio each for six hours and 
then in pure resin for 24 hours at room temperature (20 C). 
The blood was embedded in the resin in 48 hours, 24 hours at 
40 C and 24 hours at 60 C. Ultra thin sections were cut by 
ultra microtome (Reichert-Ultracut, Austria) and mounted on 
copper grid, (400 mesh) and stained with 30% uranyle acetate 
in methanol for 10 minutes and lead citrate for 5 minutes. 
Finally the sections were studied and photographed at x7000 
and X12000 under electron microscope (Zeiss, West Germany). 
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III. 5 TECHNIQUE FOR THE SEPARATION OF DIFFERENT HAEMOCYTES: 
Osmotic concentration of haemolymph obtained 
from 20 individuals. 10 from each sex, was recorded by using 
vapour pressure osmometer. For this purpose three reagents, 
(I, II and Percoll reagent) were prepared in the following 
manner. 
Reagent I 100m] 
NaOH - 2.4 52gm 
Nacl - 9.134gm 
EDTA - 6.067 
Citric acid - 2.164gm 
Osmolality adjusted to (pH - 5.75) 
Reagent II 100ml 
NaOH - 3.9 2 0gm 
Nacl - 8.532gm 
EDTA - 6.3 28gm 
(Ethy]enediaminetetra-acetic acid) 
Citric acid - 8.615gTn 
osmolatity adjusted to pH 4.5 
50% Percoll Reagent, 
Percoll (Winlab, England ) - 6.30 ml 
Reagent I 1.40 ml 
distilled water 6.30 ml 
Experimental insect A. cancellata were Chilled 
for four minutes and then 1ml reagent II was injected in 
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individual insect which were left at room temperature for 3 
minutes to facilitate the circulation within the body. 
Thereafter 1ml haemolymph/individual was directly collected 
within capillary containing percoll reagent and centrifuged 
at 750 g. for 15 minutes. Different levels of the haemolymph 
were studied through microscopy by making smears. Observations 
were recorded for different concentrations of the percoll 
reagent and their applicability was discussed. 
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III. 6 METHOD FOR THE ESTIM^^TION OF BLOOD VOLUME ^BV) AND 
TOTAL HAEMOCYTE COUNTS (THC^: 
A. Blood Volume. 
Blood volume was simultaneously recorded with THC 
by weighing each nymph and adult before taking blood for THC 
and after total blood oozed cut using Arnold and Hink's (1976) 
method. This method was adopted to compare the changes in THC 
with absolute haemocyte counts. The formula for blood volume 
is given below: 
loss of blood X 100 3 
The blood volume = % mm /per body weiqht 
weight of the insect 
B. Total Haemocyte Counts: (THC) 
The total haemocyte counts in the haemolymph of L. 
varicornis and N. cinerea were made by the haemocytometer and 
Neubaur counting chamber, employed for total leucocyte 
counts in mammalian blood. The procedure was adopted from 
Jones (1962) with modification in the concentration of 
diluting fluid which was 1.5% acetic acid with a pinch of 
gentian violet. This diluting fluid was most suitable for 
the haemocytes of L. varicornis and N. cinerea. In a clean 
micro-pipette, diluting fluid was drawn up to mark o. 2miTi then 
the drop of blood at the cut end of either antenna or foreleq 
was brought in contact with the open tip of the 
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haemocytometer. The fluid was allowed to rise up to mark 0.3 
mm. More diluting fluid was drawn to fill the haemocytometer 
upto mark 1 mm. Then entire mixture of the diluting fluid and 
haemolymph was drawn to the bulb of the micro pipette and the 
bulb was rotated for two minutes so as to mix the haemolymph 
with the diluting fluid and also to allow the staining of the 
cells by Gentian violet. Again the mixture was returned to the 
stem of the haemocytometer. The first drop of the mixture was 
rejected where'as .the following drops were pc^ ured on to the 
Neubaur counting chamber to fill it. The chamber was covered 
with a cover slip. From each mixture of haemolymph and 
diluting fluid Neubaur counting chamber was filled twice for 
countings in each individual. 
The improved Neubav.r counting chamber has four large 
squares at its four corners, each of these four measuring 1 
mm. The depth of the chamber is 1/10 mm make the volume of a 
large square 0.1 mm. The haemocytes falling on the top and 
outlines of the large squares were not counted, while cells 
falling on the left and base lines of the squares were 
included in counting. The total number of haemocytes per cubic 
millimeter of blood was calculated by the following formula. 
n = x x d X 10 
4 
where n = total number of haemocytes/mm. 
X = number of haemocytes in all 4 large squares. 
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d = the dilution of the haemolymph (90 times) 
10 = due to 1/10 mm. depth of the Neubaur countinq 
chambers. 
The standard deviation of the arthmetical means of 
observations was calculated by the following formula: 
S = (x-x)~ 
n 
S = Standard deviation 
(x - x) = Deviation of observation from the mean 
value 
n = number of observations. 
Further, to know the similarity in the means of two 
sets of observations with known standard deviation and of the 
corresponding means of two series the test of significance was 
applied. The value of t was calculated with the help of 
following formula: 
t = X Y-
s2 s^  
n, n^ 
n = number of observations in x series of data, 
n = number of observations in y series of data. 
X = means of one set of data, 
y = means of other set of data. 
Thus the t was calculated and compared with that of 
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value of t' read from the tables for (n +n -2> degree of 
freedom at five percent level of significance. If the 
calculated t is greater than the t' (from the table), it 
means that the difference between the two other means is 
significant. 
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III. 2 METHOD FOR DIFFERENTIAL HAEMOCYTE COUNTS fPHC) 
Method of (Jones, 1962) was followed to calculate 
the DHC in L. varicornis and N. cineria. Atleast, 200 
haemocytes were counted and identified to classify them in 
five individuals of each age and stage. The data were then 
statistically processed to obtain the mean values of their 
percentages ana histogrammes were plotted by (Macintosh. 
Japan) to show their relative positions in the total 
population of haemocytes. 
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III. 8 HISTOCHEMICAL TECHNIQUE FOR GLYCOGEN. LIPIDS AND 
TOTAL PROTEINS: 
Individuals of certain age of each stage of a 
species were used for observation of metabolites in their 
haemocytes. Blood smears were made and fixed in various 
fixatives according to the test used. 
Glycogen; 
The blood smears were fixed in methanol, washed in 
tap water and stained with Periodic Acid Schiffs reagent (PAS) 
as described by Pears (1969). Some smears were stained with 
Lugole's 10 for comparison. Moreover, some smears were first 
treated with diastase for about 30 min. at 37 c, as control, 
then stained with PAS as confirmatory test. 
Lipids; 
The blood smears were fixed in osmium tetroxide and 
stained with Sudan Black B by the method of Adam (1965) for 
the determination of the lipid contents of haemocytes whose 
droplets were counted as semi guantitative estimate of the 
lipids contents. 
Proteins: 
Proteins in haemocytes were stained with bromophenol 
following fixation in formalin vapours as described by Pearse 
(1969). 
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III. 9 TECHNIQUE FOR THE RECOGNITION OF OWN AND FOREIGN 
MATERIAL BY THE HAEMOCYTES: 
To obtain free soerxns, the males D. vulpinus were 
/ 
dissected in saline versene (Gupta, 1980) and the testes were 
excised and then pressed gently in culture vassel to release 
the sperms. The sperms with 0.5ml versene were injected 
through the inter pleurite junction adjacent to proleg in 60 
specimens for in vivo study. After 30 minutes a 
group of 5 injected specimens were bled at the interval of b 
minutes each up to 1 hours, to prepare smears which were 
stained with Giemsa's stain. Similar smears of blood were also 
prepared from testes injected/specimen after each interval of 
24 hours upto 10 days and stained with Giemsa's stain. 
Pyxinia firma 
These were also injected in the haemolymph of D, 
vulpinus to observe the phenominon of self and foreign body by 
the haemocytes. These were collected by dissecting 4th mstar 
larvae of the D. vulpinus in saline versene and were used fo^ 
the inoculation of the iri vitro samples of the haemolymph. 
IV OBSERVATIONS 
IV. 1 FREE HAEMOCYTES 
A. Leptocorisa varicornis (Table: 1) 
The free haemocytes of IJ^  varicornis could be 
grouped into prohaemocytes, plasmatocytes, granular 
haemocytes, cystocytes, oenocytoids, binucleate and 
trinucleate cells and giant cells. All of these cells stain 
sinilarly with both Giemsa's and Leishinan's stains and the 
main features of each are detailed below (Plate I,II,III&IV). 
Prohaemocytes(PRs) 
These cells are the smallest haeTiocytes. Their 
cytoplasm is strongly basophilic and forms a thin layer bound 
by a uniform, clearly visible cell membrane and uniformly 
surrounds the comparatively large, spherical, compact and 
strongly basophillic nucleus that contains scantly nucleoplasm 
with compact and large chromatin granules. The size of these 
cells varies from 9um to 11 um and that of their nucleus 
ranges from 6 to 8 um. Their cellular/nuclear area ratio 
(AC/AN) is 1,5+0.45 ( Plate II, Figs. 1 - 7 ). 
Plasmatocytes(PLs) 
These cells are comparatively large, polymorphic 
cells with small, spherical to oval nuclous and an AC/AN ratio 
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oi 3.2+1.2 ( Plate II, Figs. 8 - 21 ). These cells could be 
grouped into spherical, ovcl, spindle-shaped and irregular 
shapes. ( Plate III , Figs. L4 - 25 ) 
a. Spherical PLs: 
These cells are spherical cells, 13 to 19 um in 
diameter with uniform, strongly basophilic cytoplasm having a 
few to many small vacuoles ani small nucleus (5 to 8 um) with 
closely arranged large and eosinophilic chromatin granules. 
Their AC/AN ratio is 2.3 ± 5 ( Plate II, Figs. 8 - 13 ). 
b. Oval PLs; 
These cells much larger cells with uniform 
eosinophilic cytoplasm with 5;.everal small vacuoles. The size 
of these cells ranges from 20 um to 25 um in length and 11 um 
to 14 um in width. The nucleus has clear loosely arranged 
basophilic granules and is 6 to 11 um in diameter. The AC/AN 
ratio is 3.5+1.5 ( Plate III , Figs. 2 3 - 2 4 ). 
c. Spindle Shaped PLs; 
These cells are abundant and their mostly basophilic 
cytoplasm is uniformly distributed around the nucleus. The 
nucleus is also basophilic, small and oval in shape with 
compactly arranged choromatin granules and scanty nucleoplasm. 
The cytoplasm has 2 to 5 small vacuoles. These cells are 30 
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to 3 5 um in length and 6 to 7 um in width and are surrounded 
by smooth and uniform cell membrane. They have oval nucleus, 
7 to 8 um in length and 4 to •'i um in width. The AC/AN ratio is 
4.5 ± 1.5 ( Plate II, Figs. 14 - 21 and Plate III, Fig. 22 ). 
d. Irregular PLs: 
These cells are very few in number in the haemolymph 
of L^ varicornis and have cell membrane containing ridges and 
grooves due to the formation of pseudopodia. They have round, 
eccentric and strongly basophilic nuclei, 10 to 12 um in size 
and mild basophilic granular cytoplasm. One or two vacuoles 
that are slightly larger than in other PLs occur in the 
cytoplasm of these cells ( Plate II, Fig. 25 ). 
Granular haemocytes (GRs) 
These haemocytes are a few, mostly spherical cells 
of moderate size (13 to 16 um in diameter) with a 
comparatively small and round eosinophilic nucleus. The 
cytoplasm is mildly basophilic with a few large round 
eosinophilic granules. The AC/AN ratio is 2.5+1.0 ( plate III, 
figs. 26 & 27 ). 
Cystocytes (CYs) 
These haemocytes are also few in number and are 
similar to GRs, but have one or more basophilic inclusions. 
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Nucleus is round to oval with compactly arranged chromatin 
granules. The AC/AN ratio is 2.0 + 0.5 ( Plate III, Figs. 28 
& 29) . 
Oenccytoids (OEs) 
Tnese cells are round or oval in shape with granular 
and strongly basophilic cytoplasm that has one or two 
vacuoles. The nucleus is more basophilic than the cytoplasm, 
which is bean shaped and eccentric in position. The round 
cells are 15 to 18 um in diameter whereas the oval ones are 17 
to 21 um in length and 14 to 18 um in width. The size of the 
nucleus ranges from 8 u to 10 um in length and 4 um to 5 um in 
width. The ratio of AC/AN is 2.5 + 1.2 ( Plate III, Figs. 30 
& 31) . 
Adipohaemocytes (ADs) 
These cells are the largest cells of the free 
haemocytes of L^ . varicornis. . They are I'ound to oval in shape 
(25 to 30 um in diameter ) and have many large (2um in 
diameter) fat globules in their cytoplasm. The cytoplasm is 
strongly basophilic and forms a network around the fat 
globules which remain unstained. The nucleus is also strongly 
basophilic, round in shape and is generally eccentric but 
sometimes centrally placed and its size is 6 to 8 um. The 
AC/AN ratio is 3.5+1.5 ( Plate III, Figs. 32 to 34 ). 
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Besides the above described haemocytes, a few 
binucleate, trinucleate and giant cells have also been found 
in the haemolymph of adult L. varicornis. 
( Plate IV, Figs. 37 - 46 ) . 
B. Nepa cineria (Table' 2) 
In the haemolymph of adult N. cinerea the heamocytes 
were characterized as prohaemocytes, plasmatocytes, granular 
haemocytes, cystocytes and oenocytoids. However, in the 
haemolymph of the nymphs, adipohaemocytes were also observed. 
The characteristics of each type of cells are described below. 
(Plate V & VI ). 
Prohaemocytes (PRs) 
These cells are the smallest haemocytes, spherical 
in shape with comparatively large and round nuclei which 
occupy almost the whole space in the cell. The cytoplasm is 
homogenous, basophilic and rarely mildly eosinophilic. The 
size ranges from 6.5um to 8.7um. The nucleus is 4.5um to 6.Sum 
in diameter. The AC/AN ratio is 1.5 ± 0.5 ( Plate VI, Figs. 1 
& 2) . 
Plasmatocytes (PLs) 
These cells are polymorphic cells that are generally 
oval, fusiform or spindle shaped, rarely irregular. Their 
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cytoplasm is mostly weakly basophilic or mildly eosinphilic 
whereas the nucleus is always eosinophilic. The size of the 
oval cells is 12 to 20 um x 10 to 12 \im, whereas spindle-
shaped cells are 16 to 23 x 8 to 10 um. Fusiform cells are 20 
to 26 X 8 to 12 um. The irregular PLs are comparatively large 
cells with mostly eccentric and oval nucleus which are 10 to 
12 X 6 to 8 urn in size. All the forms of the plasmatocytes 
have clear and smooth cell membrane. A few to many distinct 
vacuoles are present in their cytoplasm and their nuclei are 
filled with distinct large chromatin globules. The AC/AN ratio 
is 2.5 ± 1.2 . Moreover, stages of mitotic division of the PLs 
were frequently observed ( Plate VI , Figs. 3 - 9 ). 
Granular haemocytes (GRs) 
These cells are also larger than PRs and are 
spherical to oval in shape.Their cytoplasm is comparatively 
thicker than that of other types of cells and contains a few 
large eosinophilic granules of less than 1.0 um in size around 
the nucleus. The spherical cells are 1? to 18 um in diameter 
and the oval ones ^ire 14 to 19 um x 12 to 14 um in size. Their 
nuclei are eosinophilic and mostly their diameter is e to in 
um. The AC/AN ratio is 2.5 ±0.5 ( Plate VI, Fig. 10 ). 
Cystocytes (CYs) 
These cells are only a few in number and are rarely 
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seen. They are similar to the GRs but possess 2 to 3 large (2 
to 4 um in diameter) spherical and eosinophilic inclusions 
in their cytoplasm. They are 14 to 20 um in diameter and their 
spherical but eosinophilic nuclei are 6 to 10 um in diameter. 
The AC/AN ratio is 2.5 ± 1.0 ( Plate VI, Fig, 14 ). 
Oenocytoids (OEs) 
These are the largest haemocytes (20 to 29 um in 
diameter) and are mostly spherical or oval, rarely irregular 
in shape (24 um to 27 um x 18 um to 19 um) , with strongly 
basophilic cytoplasm with l or 2 eccentric nuclei. The 
nucleus is round (8 to 10 um in diameter) or bean-shaped (9 to 
11 um X 8 - 9um) with scanty nucleoplasm packed with large and 
strongly basophilic chromatin granules. The AC/AN ratio is 3 . 5 
+ 1.2 ( Plate VI, Figs. 11 - 13 ). 
Adipohaemocytes (ADs) 
These cells are only found in the haemolymph of the 
nymphs. They are smaller cells (13 to 16 um in diameter) with 
round or eccentric and eosinophilic nuclei (6 to 10 um in 
diameter) surrounded by unstained fat globules. Occasionally, 
in the smear the fat globules are pushed out of the cytoplasm 
by rupturing the cell membrane. The AC/AN ratio is 2.5+1.0 
( Plate VI , Figs. 15 - 17 ). 
66 
r 
n 
X 
1 
o ( 
'~ 
• f i 
a 
. 1.. 
;_) 
<u 
a> 
m 
—' g 
IT) 
I -
at 
c 
JZ 
u 
^ 
o 
c 
• < -
« 
(II 
^ (T! 
cn 
c 
c 
u 
^ 
; j 
r 
• — 
*^ </i 
c 
_ _ • 
• ) 
CU 
u 
a> 
c 
u fO 
fe 
.iz 
*^ D 
S 
X 
c 
u 
*^ 
u 
r 
• — 
(/i 
s. 
V 4) 
0» O) U U O) 
o o 
5 
-h 
o 
c 
U) 
o 
LU 
^ 
o 
c 
o 
LLt 
^ -s. ^ -s. 4 
o> o o) 0 o 
c c c c c O • - O • - ' -
L. y; I- tf) (/I 
+-' O +-< O O 
JO OJ 00 <D UJ 
-s. 
o 
c 
Cfl 
o 
LU 
-s. 
o 
c 
t / l 
o LU 
>~ -^ 
?'•§. 
I - cn 
-s. 
o 
7) 
o 
I-
-s. 
I- I- 1^  J-
«3 
O 
X 
(>• 
Ik I X 
CO CO 
^ 1 :^  
K 
V 
^ 
cn 
7 ' 
ai 
o 
D 
t_ 
?! 00 
yj 
11 
O 
.T 
(0 
4) 
1^  CO 
Ul 
<u 
o 
r j 
£ 
Ci 
•fi (/) 
^ 
f ) 
f 
V) (> a' 
c 
11 
u -
3 
c 
m £. 
O l 
o 
• ^  
—' • — 
t . 
u 
•s 
t o 
<1> 
O) 
{_ 
CD 
—' 
• ^ 
^ 
o (/) (0 
^ 
tfi 
c 
o 
'.— Ui 
3 
o 
c 
"-
t -
11 
•s 
U ) 
l ; 
O) 
i_ 
10 
t \ J 
L. 
O 
'*-
v> 
c (11 
ca 
VI 
<u 
o 
3 
u (0 
> 
t -
u 
-ft CO 
*~> 
01 
*+-
—' (D L. 
0^ 
> OJ 
C/) 
(7) 
O 
L. 
—• 
(/) d ' 
B (> 
— cn 
a o 
>-
i i 
o 
5 
•D 
o 
CO ^ 
I 
*- o f\; 
-^ §. 1 
<- (Nj oD f\j :o (NJ 
.11 
D. 
11 n 
-s. 
I 
o 
f\j f\j ^ 
m 
u 
1 
lU 
^ ( r t 
CO 
u 
•M 
a 
"^  UJ 
(D 
O 
L. 
(U 
1^  CO 
to 
u 
a 
"~, 
LU 
1 
•o 
Trinucleate heamocytes. 
Besides the heamocytes described above, a few 
trinuclate cells are also found in the haemolymph of 
N.cinerea. These cells are oval in shape (14 to 16 urn in 
diameter) with basophilic cytoplasm. Each of the three nuclei 
in the cell is spherical in shape (6 to 8 /am in diameter) and 
mostly strongly basophilic, rarely eosinophilic in nature.( 
Plate VI , Fig. 19 ). 
C. Adesmia Cancellata (Table: 3) 
Following types of haemocytes were observed in A. 
cancellata under phase contrast and light microscope.(Plate 
VII & VIII ) . 
Prohaemocytes (PRs). 
These cells are the smallest haemocytes (8 urn to 12 
um in diameter) bound with strongly basophilic thin layer of 
cytoplasm surrounding a large round nucleus (5 to 9 um in 
diameter) with scanty nucleoplasm and a large nucleolus. The 
ratio of cell area to nuclear area (AC/AN ratio) is 1.6 + 
0.55, which is significant in the identification of these and 
other haemocytes ( Plate VIII, Fig. 1 ). 
Plasmatocytes (PLs). 
These cells are large polymorphic cells, round (12 
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to 20 um in diameter) oval, ^rregular or spindle shaped. They 
have uniform vacuolated, mild to strongly basophilic cytoplasm 
and small nuclei (6 to 9 um in diameter). The AC/AN ratio is 
2.4 ± 0.4. (Plate VIII, Figs. 2 & 3). 
Granular haemocvtes (GRs) 
These cells are few. mostly round cells of moderate 
size having a diameter of 12 to 17 um , with a comparatively 
small and round nucleus (6 to 10 um in diameter). They have 
eosinophilic granules ana are surrounded by smooth, clearly 
visible cell membrane. The AC/AN ratio is 2.6 + 1.2. ( Plate 
VIII, Fig. 4). 
Cystocytes (CYs) 
These haemocytes are also few in number and similar 
to the GRs but have basophilic cytoplasmic granules. The AC/AN 
ratio 2.1 ± 0.6. ( Plate VIII, Figs, 5 & 6 ). 
Oenocytoids (OEs) 
These haemocytes are large, round (16 to 20 um in 
diameter) or oval cells with granular basophilic cytoplasm 
with one or mostly two vacuoles and a large, bean shaped 
basophilic eccentric nucleus (7 to 9 um in diameter). The 
AC/AN ratio is 2.6 ± 1.3, ( Plate VIII, Fig. 7 ). 
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Adipohaemocytes (ADs) 
These haemocytes are moderate in size (15 to 20 um 
in diameter) and are round to oval in shape with many large 
fat globules in their cytoplasm. Each globule is about 2.5 um 
in diameter. The cytoplasm is strongly basophilic forming a 
net work around the fat globules. The nucleus is round (7 to 
9 um in diameter), strongly basophilic and generally 
eccentrically located. The AC/AN ratio is 3.6 + 1.6. ( Plate 
VIII, Fig. 8). 
D. i. Dermestes vulpinus (Table: 4) 
Haemocytes in p. vulpinus could be classified into, 
prohaemocytes, plasmatocytes, granular haemocytes, 
Spherulocytes, Oenocytoids ard adipohaemocytes. The details of 
each of these cells are listed below.( Plate XI & XII ) . 
Prohaemocytes (PRs) 
These cells are the smallest cells, (6 to lO um in 
diameter) like all other species studied. Comparing their 
whole individual area, size of the nuclei is large (5 to 8 um 
in diameter) consequently the value of area of the cell to 
nuclear area is lowest i.e. 1.5 ±0.48. (Plate XII, Figs.l&2). 
Plasmatocytes fPLs) 
These cells are compardtively Large polymorphic 
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cells, round (11 to 18 um iri diameter), oval, irregular or 
spindle shaped. These have unifomly distributed cytoplasm with 
a few small vacuoles. The diameter of the nuclei range from 
6 um to 9 um, and AC/AN ratio is 2.3+0.5. ( Plate XII, Figs. 
3 & 4 ) . 
Granular haemocytes (GRs) 
These cells ara round and moderate sized and few in 
number. Their size ranges from 11 to 19 um in diameter. Their 
round nuclei (5 to 9 um in diameter) are centrally placed. The 
inclusions of fine granules in the cytoplasm is the important 
feature and AC/AN ratio is 2.5 ± 1.3 ( Plate XII, Fig. 5 ). 
Cystocytes (CYs) 
These are very few in number and are characterised 
by having cytoplasmic inclusions in their cytoplasm. Their 
si,':;e ranges from 12 to 20 um in diameter and nucle: range 
from 6 to 10 um m diameter. The AC/AN ratio is 2.2 + O.s 
(Plate XII , fiq. 6 ) . 
Oenocytoids (OEs) 
These cells are 12 to 20 um in diameter and have 
thick and dark stained cytop]asm. The nucleus is eccentric and 
8 to 12 um in diameter. Under phase-contrast microscope they 
seem to have some fibrous material in their cytoplasm. The 
72 
AC/AN ratio is 2.5 i: 1.4 ( Plate XII, Fig. 6 ). 
Adipohaemocytes (ADs) 
Thpse cells (14-19um) are identified on the basis of 
accumulated lipid globules in their cytoplasm. Occasionally 
these cells appear as a cluster of colourless globules, and 
the nuclei (6 to 10 um in diameter ) are almost covered by 
them. The AC/AN ratio is 3.4 ± 1.3 ( Plate XII, Fig. 7 ). 
ii. Haemocyte Separation in Adesmia cancellata 
The separation was attained only in 25% samples and 
the purity of haemocytes types was higher than uncentrifuged 
collections. The purity in successful samples was upto 75% in 
granular haemocytes and 60 per cent plasmatocytes, other 
categories were settled in the form of the mixtures only. 
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IV^ 2 ULTRASTRUCTURE OF THE HAEMOCYTES IN ADESMIA CANCELLATA 
Under electron microscope, following details have 
been investigated in che haemocytes observed under light 
microscope and by phase contrast microscopy. 
PRs; 
These blood cells are charaterised by containing 
electron dense granules in their cytoplasm. The nucleus is 
bound by a smooth nuclear n.embrane and the cell is usually 
bound by a regular eel] membrane with short protrusions. 
(Plate IX, Fig. 1). 
PLs; 
These cells are characterized by having remarkable 
area of cytoplasm that have several structured and 
unstructured bodies including vacuoles and vesicles. The fine 
granules are lysosomal bodies on the endoplasmic reticulum 
that show the protein synthesis abilities of these cells. 
Microtubular bodies originate or .located in the elongated 
extensions of the PLs. Some of the mitochondria are also seen 
in the cytoplasm. The cell membrane usually shows grooves to 
determine and demonstrate their phagocytic activity in the 
haemolymph. ( Plate IX, Fig. 2 & 4 ). 
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GRs: 
Their cytoplasm is generally filled with several 
inclusions of variable sizes, and electron dense bodies. The 
cell is bound by a cell membrane that has PLs like grooves 
showing their shape in phagocytic activity. A few vacuoles are 
also occassionally observed in the cytoplasm with a few 
mitochondrici, ribosomes and vesicles. (Plate IX, Fig, 3). 
CYs; 
These cells are bound by generally a smooth eel] 
membrane. The cytoplasm contains several larger inclusions, 
ribosomes and a few mitochondria. The tubular bodies are also 
occasionally observed. The nucleus is bound by smooth and 
regular nuclear membrane. ( Plate IX, Fig. 4 ). 
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lY^ 1 CHANGES IN BLOOD VOLUME (BV) AND TOTAL HAEMOCYTE 
COUNTS (TEC) RELATED WITH GROWTH AND AGE 
A. Leptocorisa varicornis 
Fourth Instar Nymphs (Table: 5) 
(i) One day old: (log THC = 4.12 0; log BV = 1.13) 
The THC varied from 12242/mm^ to 14911/mm^ and 
variation was a little more (20.46%) than one fifth 
of the mean THC (13203.60 ± 1005.6/mm^). In only 
one individual THC was above the mean whereas in 
other four it was below. The blood volume (BV) 
ranged from 12.13 to 15.82 per cent body weight {% 
BW) and the variation was less than one fifth of the 
mean value (13.78 + 1.81% BW). Two individuals had 
BV higher than mean value and rest three had lower. 
(ii) Two day old; (log THC = 4.180; log BV = 1.4) 
The mean THC was higher than that of the one day 
o]d nymphs and it varied from 14692/mm^ to 16019/m-
m^ - The variation was 8.58% which was within the 
narrow range, i.e. l/13th of the mean THC (15450 
+ 54 6. 38)/mm-'. In three nymphs THC was above the 
mean value and in remaining tw 
^ ^ PZflD HjOr, 
77 //'^r'^ 
( Met. No. 
Wh<=reas, the mean BV was also higher than in 
one day old nymphs '25.5 ± 0.79 % BW). In three in 
sects BV was above the mean value whilst in two it 
was below. 
(iii) Three day old; (log THC = 4.22; log BV = 1.22) 
The mean THC was still higher than that of the two 
day old nymphs and varied from 16312/mm^ to 17190/m 
m^  with mean THC 16'91 ± 334,71/mm^. THC was above 
the mean value in three nymphs and in other two it 
was below. The variation (5.22%) was within narrow 
range i. e. l/20th of the mean THC. The BV was 
16.97 + 0.7 3 % BW which remained low as compared to 
that of two day old nymphs. BV was more than mean 
value in three nymphs and in other two it was below. 
(iv) Four day old; (log THC = 4.24; log BV = 1.29) 
The THC were high as compared to that of three 
day old nymphs. It varied from 16490/mm^ to 18116/-
mm^. The variation (9.32%) was within narrow range 
i.e. 1/10 of the mean value (17433.8 + 704)/mm^ 
The BV (19.74 ± 1,04% BW) was higher than that of 
the three day old nymphs. (Table: 5). 
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Fifth Instar Nymphs (Table: 6) 
(i) One day old: (log THC = 4.008; log BV = L.27) 
The THC varied from 9896/mm^ to 10996/mni^. The 
variation (10.77%) was more than one tenth of the 
mean THC (10209 ± 450.39). in only one nymph, the 
THC was above the mean value whilst in remaining 
four it was below. However, deviation (4.41%) of 
the mean was almost negligible. The mean BV, 
(18.85 + 0.48% BW) was lower than in four day old 
and more than one :iay old fourth instar nymphs. BV 
varied from 18.86 tD 19.62% BW and in only two 
nymphs it was above the mean value. The variation 
(2 6.77%) in BV was over one Fourth of the mean and 
deviation (3.53%) of BV was less than l/30th times 
of the mean value, that is it was within the narrow 
range of the mean V3.]ue. 
rii) Two day old: (log THC - 4.08; log BV = 1.28) 
The mean THC (12191 ± 487.l7)/mm-^ was higher than 
that of the one day old nymphs and it varied from 
11610/mm' to 12683/mm-'. THC in three nymphs were 
abo-.'-e the mean and in two below it. Whereas, the 
variation (8.78%) Wr»s less than l/12th times of the 
mean. The deviation (3.99%) was less than 
80 
l/29th times i.e. within narrow range of the mean 
value. The mean flV (19.38 + 0.61)% BW as slightly 
lower than in one day old. BV in three nymphs was 
above and in two bolow their mean. The variation 
(6.6%) ranged from 18.89 to 20.17% BW and l/15th 
times of the mean and deviation (3.1%) was l/33th 
times of the mean. 
(iii) Three day old: 'log TFC = 4.14; log BV = 1.29) 
The mean THC (13885 + 177.04/mm-') was higher 
than that of two day old nymphs. In three nymphs, 
THC was above and in two below the mean. Variation 
(3.16%) ranged from 13621 to 14061/mm^ i.e. l/32nd 
times of the mean. However, deviation (1.27%) was 
less than l/78th times of the mean value. Simulta-
neously the BV (19.78 + 0.68)% BW in three day old 
nymphs was more than mean BV in two day old nymphs. 
The BV ranged from 19.01 to 20.63% BW and in three 
nymphs it was above whereas in two nymphs it was 
below the mean. The variation (7.78%) was l/15th 
times of the mean r-nd deviation (3.34%) was above 
l/33th tim.es of the mean i.e. within the narrow 
range of the mean value. 
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(iv) Four day old: (log THC = 4.17; log BV - 1.30) 
The THC varied from 14681/min' to 15222/mm^ and 
variation (3.61%) was more than l/33th of the mean 
THC (14958.4 + 196.26)/mm". In three nymphs, the 
THC was above and in two nymphs it was below the 
mean whereas deviation (1.31%) from the mean value 
was l/76th times o!" the mean. The mean BV (20 ± 
0.45% BW) was higher than that of the three day old 
nymphs. However, in four of the five nymphs BV was 
above and in one nymphs it was below the mean. The 
variation (5%) ranged from 19.19 to 20.19% BW and 
deviation (2.25%) was l/45th times of the mean BV. 
Males (Table: 7) 
(i) One dav old; (log THC = 4.1922; log BV - 1.72) 
The IHC varied from 15096/mm^ to 16109/mm^. 
The variation (6.50%) was a little less than l/16th 
times of the mean value (15569.8 ± 436.65/mm^). In 
only two males, the THC was above and in the re-
maining nymphs it was below the mean. The deviation 
(2.8%) was less than l/35th times i.e. within 
narrow range of the mean. In the males the mean 
BV was 14.89 + 0.20% BW. The BV varied from 14.65 
82 
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to 15,19% BW and \n one of the five males it was 
equal and in two males it was above whereas in 
remaining adults it was belov/ the mean. While, 
the variation (3.62%) was ]ess than l/27th times of 
the mean and deviation (1.34%) was l/75th times of 
tht^ . mean. 
(ii) Two day old: (log THC - 4.24: log BV = 1.17) 
The mean THC was higher than that of the one 
day old males and it varied from 17091/mm^ to 
17910/mm'^. The variation (4.7%) was less than that 
of one day old males and it was a little more than 
l/22th times of the mean THC (17405.2 ± 328.91/mro^) . 
In only two males, THC was above and in three males 
it was below the mean. The deviation (1.88%) was 
l/53rd times of the mean. The BV was 15.66 ± 0.27% 
BW. The mean BV varied from 15.29 to 15.91 % BW 
and three maJes had their BV above whereas two 
males had it below the mean. However, variation 
(3.95%) was within the narrow range because it was 
l/25th times of the mean. The deviation (1.72%) 
was l/58th times of the mean BV. 
(iii) Three day old: (log THC = 4.27; log BV = 1.21) 
The mean THC was (18860 + 423.33)/mm^. Four of 
^^4 
the five males had their THC more than that of the 
mean and in only one male it was less than the mean. 
However, variation (5.26%) was l/19th times and 
deviation (2.24%) was l/44th times of the mean. The 
mean BV (16.63 ± 0.15% BW) was higher than that of 
two day old males. The BV varied from 16.21 to 
16.59% BW and in only two malr-s it was above and in 
three males it was below the mean. The variation 
(2.32%) was ]/43th tim,es and deviation was almost 
negligible in comparison to the mean value. 
(iv) Four dav old; (log THC = 4.28; log BV = 1.22) 
The mean THC (19407 ± 232.19/mm^) was signifi-
cantly higher than that of three day old males. 
THC varied from I'.UOg to 19669/mm^ and variation 
(2.88%) was l/34th times of the mean while devia-
tion (1.19%) was l/84th times of the mean. In 
three males the THC was above and in two males it 
was below the mean. The mean BV, (16.64 + 0.3 5% 
BW) remained also slightly higher than that of 
three day old males. In only one male the BV was 
above and in another one it was equal but in three 
males it was below the mean value. BV varied from 
16.04 to 16.91% BW and variation (3.60%) was l/27th 
times of the mean. However, deviation (2.10%) was 
85 
l/47th times of the mean which was within narrow 
range of the mean value. 
(V) Five day old: (log THC = 4.29; log BV = 1.23) 
The mean THC increased significantly and it 
was (19739.2 ± 68.21/mm^) and the variation (0.4%) 
was l/250th times of the mean THC,i.e. negligible, 
THC varied from 19681 to 3 9839/mm' and in two males 
it wan above but in three males it was below the 
mean value. Though, there was also an increase m 
the BV and that was 17.17 ± 0.21% BW. The BV 
varied from 16.92 to 17.44 % BW and in three males 
it was above but in two males it was below the 
mean. However, ''•ariation (3.02%) and deviation 
(1.22%) both were within the narrow range of the 
mean. 
(vi) Six day old; (log THC = 4.3023; ]og BV = 1.265) 
The mean THC (20061 ± 94.97/mm^) and BV (18.45 
+ 0.45% BW) both were more than their values in 
five day old males. The THC varied from 19991/mm^ 
to 20202/mm^ and in two males it was above whereas 
in three males it was below the mean. Variation 
(1.05%) and deviation were within the narrow range 
of the mean i. e. negligible. BV varied from 18.12 
86 
T3 
c 
^ (LI 
O) 
<. 
-o 
. m 
1 v j 
1 K l 
ro 
o 
CO 
2 
s s 
: i 
1 " ^ 
1 1— 
' 2 ; 3 
: 1 
' ^ < u 
1 h-
'; 2 
; 3 
' E 
E 
• • - ^ 
; ^ 
* *— 
.1 . 
1 i 
1 > 
' CD 
' 
i 1 
' --; ^ 
1 t— 
' 1 
i § 
^ 
>— 
2 
^ 
S 
i 
«-
! 00 
; ^ 
1 j> 
I (\j 
' O 
' N O 
i r-
; s 
, o. 
' O 
1 ~o 
i o-
• o 
. o 
1 ^ I ( M 
1 ^ 
' *" 
i § 
. 00 
1 o-
1 rvj 
1 LTl 
r-
g 
m 
-o 
>» 
o 
o u^ 
-
fM 
<M 
2 
00 
( y 
8: 
<) 
ro 
o-
:S 
•o 
l\l 
fO 
CM 
o-
i r i 
t \ j 
y j 
*" 
^ 8: CO 
00 
>r 
m 
ro 
•O 
N ! 
>o 
r^ 
-* 
o 
i n 
rvj 
ro 
fO 
00 
00 
o^  
OJ 
N. 
INJ 
O 
t > 
-O 
3 
>» o> 
(M 
M 
•O 
•~ 
oo 
8; CO 
-o 
N-
i n 
ro 
M 
c 
o 
CO 
~* 
K> 
3 
«' 
O-
o 
r j 
f>j 
K> 
s! 
^ 
e o-
^ 
vd 
ro 
vO 
irv 
o-
h-
-* 
•d 
'" 
^ O 
^ 
a 
00 
i n 
O 
fM 
^ 
•c 
o-
• ^ 
00 
i n 
^ 
:? O; 
CO 
o 
fVI 
o 
<M 
^ 
^ 
N." 
O-
^ O-
a 
-d 
o-
^ 
o 
o. 
m 
>d 
*" 
c\t 
o 
o-
^ 
o-
i n 
o 
«— e 
o 
i n 
g 
5 
m 
i n 
>t 
CO 
1 >o 
1 5  O 
i O 
1 rvj 
1 N. 
' •" i K 
1 ( \ i 
1 o' 
; tc 
1 <y 
; 3 
1 >d 
I s-
1 O 
1 s j -
1 0 > 
1 ro 
1 <0 
1 <d 
' *~ 
I o 
' ^ 
I 00 
i ^  
i n 
r j 
in 
o 
0^ 
00 
^ 
oo 
•o 
m in 
m 
o 
•H ^ 
o 
, „ 
rvj 
-H d 
•-CNJ 
- s 
i n 
•H O 
{> 
•~ 
t^ r j 
m 
**^  
-H d 
K1 
ro 
•M r o 
f>-
r \ j 
•1 O 
,_ 
o 
•H CO 
(O 
o 
+4 • 
^ 
m 
•J-
c 
a 
CI 
CO 
to 18.<56% BW. In two males it was above and in three 
it was below *:he mean. The variation (4.6%) was 
l/2lst times of the mean and deviation (1.84%) 
was l/54th times of the mean. 
Females (Table: 8) 
(i) One day old; (log THC - 4.226; log BV = 1.27 3) 
The mean THC was lower than that of one day 
old males and varied from 16692/mm^ to 17001/mm^ and 
variation (1.83%) was less than l/54th of the mean 
THC (16827.2 + 133.07)/mm^ i.e. negligible. In only 
two females the THC was above and in three females 
it was below the mean. However, deviation was 
within the narrow range of the mean value. The 
mean BV in one day old females (18.76 + 0.19% BW'. 
was higher than that of one day old males. The BV 
varied from 18.56 to 19.09% BW. In only two of the 
five females it was above and in three it was below 
the mean. The variation (2.82%) and deviation 
(1.01%) were both •i/35th and l/99th times of the 
mean respectively. 
(ii) Two day old: (log THC = 4.2519; log BV = 1.3098) 
The mean THC (17863.9 ± 145.89)/mm^ was higher 
88 
than that of the one day females and it varied from 
17668/mm' to 18009/mm^. The variation (1.90%) was 
a little more than l/53rd or the mean THC. In three 
females the THC was above and in two it was below 
the mean and the BV (2 0.41 ± 0.18% BW) was more 
than that of one day old females. In two females BV 
was above and in another two it was below the mean 
whereas in one female it was equal to the mean. 
(iii) Three day old; (log THC = 4.2919; log BV = 1.3169) 
The mean THC increased and varied from 18118/-
mm^ to 19981/mm^. The variation (9.5%) was less 
than one tenth of the mean (19584.6 ± 820.31/mm^). 
In four females the THC was above and in one it was 
below the mean value and deviation (4.18%) was 
l/2?rd of the mean. So it might be considered 
narrow range of the mean. The mean BV (20.748 + 
0.21% EW) was higher than that of the two day old 
females. The mean THC was also higher than three 
day old males. In three females BV was above and 
in two females it was below the mean. However, the 
variation (2.16%) and deviation (1.01%) were within 
the narrow range of the mean because these were 
l/46th and l/99th times of the mean respectively. 
89 
•(iv) Four day old: (log TKC - 4.31; log BV - 1.32) 
The mean THC was further higher than that of 
three day old femajes. It varied from 20106/mm' to 
20619/mm-^ and variation (2.51%) was less than l/39th 
of the mean (20370 ± 213.03/mm^). In three females 
the THC was above and in two females it was below 
the mean. Th3 BV varied from 20.90 to 21.01% BW. 
Both the variation and deviation were within the 
narrow range of the mean value (20.95 + 0.04 % BW). 
(V) Five day old: (leg THC = 4.32; log BV = 1.24) 
The mean THC (20940.6 + 7 5.4 5/mm-') was more 
than that of the four day old males and BV was 
(21.69 ± 0.58% BW). The THC varied from 20818 to 
20996/mra^ and in three females it was above whereas 
in two females it was below the mean. The varia-
tion (8.5%) was less than 1/llth times of the mean. 
(vi) Six day old: (log THC = 4.33; log BV = 1.36) 
The mean THC (21188.8 ± 162.26/mra'') ranged from 
21019/mm^ to 21419/mm^. The variation (1.88%) in 
THC was a little more than one fifty fourth times 
of the mean. The mean BV was 22.76 + 0.73 % BW. In 
two females the THC was above and in three females 
it was below the mean. The BV varied from 22.01 to 
90 
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Graph 2. Changes in the BV of L. yoricornis 
23.'=19 % BW and the variation (8.70%) was 1/llth 
times of the mean. 
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Third Instar Nymphs (Table: 9) 
(i) One day old: (log THC = 3.8167; log BV = 1.1199) 
The THC varied from 6166/mm^ to 6955/mm^ and 
variation (12.03%) was less than l/8th of the 
medn value (6557 ± 341.15/mm'). In only two nymphs, 
the THC was above and in three it was below the mean 
value. However, deviation f i om the mean was 5.20% 
or l/19th of the mean. The mean BV was 
(13.18 ± 0.57% BW). The BV varied from 12.21 to 
13.66% BW. In four nymphs, the BV was above and m 
one it was below the mean. However, the variation 
(11%) was l/9th of the mean and deviation 
(4.i2%) v;as about half of the variation and 
l/23rd times of the mean, 
(ii) Two day old: (log THC = 3.8951; log BV = 1.1433) 
The mean THC (7855.6 + 676.82/mm^) was more than 
that of one day old, nymphs and simultaneously the 
mean BV (13.91 ± 0.16) % BW was also significantly 
92 
higher than that of one day old. The THC ranged 
from 7101/mni^ to 8t>28/mm^  and in three nymphs it was 
above and in others it was below the mean. Whilst, 
the variation (19.43%) was less than l/5th of 
the mean deviation (8.61%) from the mean was 
further low i.e. it was 1/llth of the mean. 
The BV varied from 13.85 to 14.09% BW and the 
variation (1.72%) and deviation (1.15%) were within 
the narrow range of the mean. 
(iii) Three day old; ^og THC = 3.9684; log BV = 1,]4 36) 
The THC (9300.4 + 199.86)/mm^ was higher than that 
of two day old as well as one day old nymphs. THC 
varied from 9110 to 9515/mm^ and in only three 
nymphs it was above the mean. Variation (5.43%) was 
l/18th and deviation (2.14%) was l/41th times of the 
mean. The mean BV (13.92 ± 0.04% BW) was almost 
equal to the BV in two day old nymphs. BV varied 
from 13,91 to 13.95% BW and in three nymphs it was 
higher than that of the mean . The variation and 
deviation both were within the narrow range of 
the mean. The THC in third instar nymphs increased 
with the age. 
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Fourth instar nymohs (Table: 10) 
(i) One day old: (log THC = 3.9682; log BV = 1.1908) 
The mean THC varied f^ -om 9295/inm^  to 178.15/mm^ 
and variation (4.S9%) was a little less than 1/21 
times of the mean. However, the deviation from the 
mean was L.91% and three nymphs had the THC above 
the mean value whereas in two it was below. The BV 
was (15.52 ± 0.41% BW) which was more than that of 
one day old third instar nymphs, BV varied from 
15.07 to 15.91% BW and variation (5.41%) was less 
than l/18th of the mean. 
(ii) Two day old; (log THC = 3.9854; log BV = 1.2046) 
The THC was 9671 + 199.69/mm^ showing increase 
However the BV was also increased slightly (3 6.02 ± 
0.18% BW) . THC varied from 9415/rom^  to 9887/mm^ 
But tne variation (4.88%) was l/20th times of the 
mean. In three nymphs, THC was above and in two 
nymphs it was below the mean. The BV varied from 
15.84 to 16.33% BW and variation (3.04%) amongst 
the BV was within the narrow range 
of the mean. 
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(iii) Three day old: flog THC = 3.9982; log BV = 1.2095) 
The mean THC (9959 ± 38.93/mm') increased in 
this age and varied from 9917/mm^ to 9997/mm^. The 
BV was slightly increased (16.2 + 0.38 % BW). The 
variation of THC was less than 1% and in three 
nymphs the THC was above whereas in two it was 
below the mean. The deviation (0.39%) was further 
low. The BV varied from 15.91 to 16.87% BW and the 
variation (2.34%) ?ind deviation (1.12%) were within 
the narrow range of the mean. Whilst, in two 
nymphs the BV was above, in three nymphs it was 
below the mean. 
(iv) Four day old; (log THC = 4.0145; log BV - 1.2312) 
The THC varied from 10106/mm^ to 10678/mm^ and 
variation (5.53%) was approximately l/18th of the 
mean (10340 ± 218. 57/mm-') . In only two nymphs, the 
THC was above and in three it was below the mean. 
The BV (17.03 + 0.20% BW) was a little more than 
that of both three day old and two day old nymphs. 
BV varied from 16.85 to 17.31 % BW and variation 
(2.70%; was l/37th times of the mean. The devia-
tion (1.17%) was within the narrow range of the 
mean value. In three nymphs BV was above but m 
two nymphs it was below the mean. 
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(V) Five day old: (log THC - 4.0363; log BV = 1.2397) 
The THC (10873 + 106.58/inin^ ) varied from 
10717/min^ to 10988/min^. The variation (2.49%) was 
less than l/40th of the mean and deviation (0.91%) 
was negligible. In three nymphs, the THC was above 
and in two it was below the mean. The mean BV 
(17.37 + 0.38 % BW) was higher than that of all 
younger age groups. The BV varied from 16.88 to 
17.70% BW and the variation (4.60%) was less than 
l/20th of the mean whereas deviation (2.18%) was 
l/45th of the mean. In three nymphs BV was above 
and in two nymphs jt was below the mean. 
(vi) Six dav old: (log THC = 4.0512; log BV = 1.2533) 
The mean THC increased and varied, 11011/mm^ to 
11401/mm^, the variation (3.46%) was about l/28th of 
the mean (11252 + 158.87)/mm'. In three nymphs the 
THC was above and in two was below the mean. Though 
the mean BV (17.92 + 0.07) was further higher than 
in five day old nymphs. BV varied from 17,80 to 
17.99 % BW and variation (1.06%) and deviation 
(0.3%) were within the narrow range of the mean. 
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Males: (Table : 11) 
(i) One day old: (]og THC = 4.0669; log BV = 1.2545) 
The THC varieo from 11516/mm' to 11791/Ttim^  and 
variation (2.35%) was a little less than l/42th 
times of the mean THC (11668 ± 105.38/mm^). In 
three males the THC was above and in two it was 
below the mean. The mean BV was 17.97 ± 0.03% BW 
and it varied from J7.91 to 18.01 % BW. However, 
both variation and deviation were less than 1% of 
the mean. In three males the BV was above and in 
two males it was below the mean. 
(ii) Two day old: (log THC - 4.0792; log BV - 1.2626) 
The mean THC (12002.8 + 15.64/mm-^) was more 
than that of one day old males. Simultaneously the 
BV (18.31 ± 0.13 % BW) was also higher than that of 
one day old males. The THC varied from 11991/mm^ to 
12031/mm^ and the variation (0.3%) was very low. In 
only one male the THC was above but in four it was 
blow the mean. The BV ranged from 18.10 to 18.48% 
BW and both variation (2.0 7%) and deviation (0.72%) 
were negligible. In two males the BV was above and 
in one male 3t was equal but in two males it was 
below the mean. 
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(iii) Three aav old: (log THC = 4.094; log BV = 1.2713) 
The mean THC were further higher than that of 
two day old males and varied from 12211/mm^ to 
12677/mm^. The variation (3.75%) was less than 
l/26th times of the mean (12419 + 181.41/mm^). The 
deviation (1.46%) vas negligible and in two males 
the THC was above but in three males it was below 
the mean. The BV (18.68 ± 0.09 % BW) was more than 
that of the two day old males . The BV varied from 
18.56 to 18.79 % BW. The variation (1.2%) and 
deviation (0.48%) were negligible in comparison to 
the mean. In two males BV was above and in three 
males it was below the mean . 
(iv) Four day old: (log THC = 4.1045; log BV = 1.2773) 
The THC was slightly higher and varied from 
12681/mm' to 12801/mm^ and variation was less than 
1/lOOth times of the mean (12722.2 ± 45.77)/mm^. 
The BV was also increased (18.93 ± 0.07% BW). In 
only one male the THC was above but in four it was 
below the mean. The BV varied from 18.81 to 18.99* 
BW and in only one of the five males it was above 
but in four males it was below the mean. However, 
variation and deviation both were less than 1% and 
so negligible in comparison to the mean. 
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(V) Five day old: (log THC = 4.1110; log BV = 1.2833) 
The mean THC was further increased (12912.6 ± 
39.65/inm^) in this age group . The variation was 
very low. The mean BV also increased to 19.2 0 ± 
0.15 % BW. In only one male THC was above and in 
four males it was below the mean. The BV varied 
from 19.01 to 19.39 % BW and both variation as well 
as deviation were negligible as compared to the 
mean. 
(vi) Six day old; (log THC = 4.1137; log BV = 1.3119) 
The mean THC (12994 + 4.27/mm^) was slightly 
higher. BV was 20.51 + 0.20% BW. The THC varied 
from 12789/mm' to 12998/mm^ and in three males it 
was above and in two males it was below the mean 
The BV varied from 20.23% to 20.79% BW and in two 
males it was above but in three males it was belov/ 
the mean. 
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Females (Table : 12) 
(i) One day old: (log THC = 4.089 0; log BV = 1.2 600) 
The mean THC (12275 ± 116.53)/mm^ was more than 
that of one day old males that varied from 12106/mm^ 
to 12379/mm^ and variation (2.2%) was within narrow 
range of the mean value. In three females, the THC 
was above and in two was below the mean. The mean 
BV (18.2 0 + 0.14)?^  BW was more than the BV in one 
day old males. The BV varied from 18.03 to 18.34 % 
BW and in three females it was above and in two was 
below the mean. 
(ii) Two day old; (log THC = 4.09 54; Jog BV = 1.27 34) 
The mean THC (12457 ± 85.28)/mm^ was higher 
than in one day old females and two day old males 
and it varied from 12391/mm^ to 12587/mm^. The BV 
(18.77 + 0.19) % BW, was more than that of one day 
old females and two day old males. Variation 
(2.2%) and deviation in THC and BV were within 
narrow range of the mean value. In two females the 
THC and BV was alDove and in three was below the 
mean value. 
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(iii) Three day old: (log THC = 4.1021; log BV - 1.2837) 
The mean THC (12652 + 52/inni') was higher than 
in t.Mo day old £ewiale$ and varied frow> 12601/w.m^ to 
12709/inm^. The mean BV, (19.22 ± 0.11) % BW was 
also higher than ic corresponding value in two day 
old females and three day old males. The variation 
and deviation in THC as well as in BV were less 
than 1% and so these were negligible in comparison 
to the respective mean. Hov.'ever, in two females 
the THC and BV were above and in three females 
these were below the respective means. 
(iv) Four day old: (log THC = 4.1094; log BV = 1.2986) 
Both the mean THC (12867 ± 45.56/mm^) and mean 
BV (19.89 + 0.09 % BW) showed increase. The varia-
tion and deviation in THC was less than 1% of the 
mean. In three females THC was above and in two it 
was below the mean. The BV ranged from 19.79 to 
19.99 % BW and the variation was negligible. 
However, in three females BV was above and in two 
females it was below the mean. 
(V) Five day old; (log THC = 4.1316; log BV =^  1.3042) 
The THC (13540 + 491.27/mm) was further higher 
than four day old females and it was also more than 
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the mean THC in five day old males.It varied from 
13002/mm' to 13972/mm-'. The variation (7.16%) was 
approximately 1/I3th of the mean. In three 
females THC was above whereas in remaining two 
females it was below the mean . The average BV, 
(20.15 ± 0.130 % BW) was slightly nigher than in 
four day old females. The BV varied from 2 0.01 to 
20.29 % BW and in two females it was above while in 
three females it was below the mean. 
(vi) Six day old: (log THC = 4.1490; log BV = 1.3109) 
In six day old females, the mean THC (14096 ± 
137.92/mm) was slightly higher than the mean THC in 
five day old females and that of six day old males. 
The mean BV 2 0,46 ± 0.16 % BW was higher than the 
mean BV of five day old females as well as that of 
six day old males. However, the variation in THC 
and BV were negligible in compariron to that of 
their respective means. In two females both THC 
and BV were above and in three females these were 
below the mean. 
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IV. 4 CHANGES IN DIFFERENTIAL HAEMOCYTE COUNTS (DHC) 
RELATED WITH GROWTH AND AGE 
A. Leptocorisa varicornis (Table : 13) 
Fourth Instar Nymphs 
(i) One day old: 
Prohaemocytes (PRs); (18.50 ± 3.81)% 
These cell comprised Less than l/5th of the 
total population that varied from 14.57 to 24.03 per cent. In 
the blood smears of only two nymphs their percentage was above 
the mean and in other three individuals it was below it. 
Plasmatocvtes (PLs^ ; (78.59 +-. 4.87)% 
The bulk of the haemocyte population in the 
haemolymph was that of PLs that ranged from 72.11 to 82.91 per 
cent. However, the variation was (13.74%) a little less than 
l/7th of the mean value. In three individuals their percent-
age was above the mean value while in other two it was below. 
Granular haemocytes CGRs); (2.29 ± 1,41)% 
These haemocytes were very few in population 
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as compared to the percentage of PRs and PLs. Their percentage 
ranged from 0.52 to 4.04. However, the variation was 153.71% 
of the mean value. 
Cystocvtes fCYs): (0.20 ± 0.?7)% 
These were rarely found. In the blood smears of 
three nymphs these cells were completely absent whilst in 
other two nymphs their percentage was 0.50. However, the 
variation was 135% of their mean percentage. 
Oenocvtoids fOEs); (0.81 ± 0.89)% 
T'he OEs were also rarely present and in one 
nymphs these cells were not found at all whereas in other four 
individuals only one OEs was present. However, the deviation 
was more than the mean. 
Adipohaemocvte (ADs): (Absent) 
The ADs were not found in these insects. 
Mitosis (absent) 
(ii) Two day old; (Table : 13) 
PRs (16.24 ± 4.48)% 
Their percentage declined from that of one day 
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old nymphs and varied from 10.88 to 22.32 . The variation 
(70.44%) was about two third of the mean value (16.24 + 
4.48)%. 
PLs (78.32 ± 5.79)% 
These cells were also depleted as compared to 
that of one day old nymphs. Percentage varied from 70.69 to 
85.49. The variation (18.89%) was about one fifth of the mean 
percentage. 
GRs (3.85 ± 0.85)% 
The number of these haemocytes increased as 
compared to that of one day old nymphs and varied from 2.59 to 
4.65 per cent. However, the variation was 53.50% of the mean 
value. 
CYs (0.19 ± 0.20)% 
The number of CYs declined further and in three 
nymphs these cells were absent. However, the deviation was 95% 
of the mean value and variation was from 0 to 0.5% i.e. (263%) 
of the mean. 
OEs (0.19 ± 2.26)% 
These were very few in number and in three out of 
five individuals these were absent. The variation was more 
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than the mean percentage (0,19 ± 2.26%). 
ADs (Absent) 
Mitosis (1.07 + 0.59)% 
In total of 200 cells the stages of mitosis was 
seen in PRs which was ...07 + 0.59 per cent. 
(iii) Three day old; (Table : 13) 
PRs (16.28 ± 4.59)% 
The percentage of these cells further dropped 
and ranged from 10.49 to 2 3.00. The variation was 3/4th 
(76.84%) of the mean percentage 16.28 + 4.59. 
PLs (77.91 ± 5.79)% 
Their percentage was almost similar to that in 
two day old nymphs and varied from 71.00 to 85.08% which was 
also almost equal to that of two day old nymphs. 
GRs (2.29 + 1.41)% 
These cells varied from 1.5 to 4.5 per cent. 
The deviation was more than half of the mean. However, 
variation was 131% of the mean 2.29 ± 1.41. In two nymphs, 
the percentage was above and in three it was below the mean. 
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CYs (4.71 ± 1.09)% 
Like two day old adults, these cells were rare 
in this age also. Their percentage varied from 2.5 to 6.6. 
Although the range of variation was less than the mean 
percentage (4.71 + 1.09) the percentage of variation was 
87.04. 
OEs 10.19 +: 0.26)% 
The mean percentage of OEs was the same as in 
two day old nymphs. Like-wise, the variation was also the 
same which was more than that of the mean percentage (0.19 4 
0.26)%. 
ADs (Absent) 
Mitosis: (Generally Absent) 
Only one or two PRs showed mitosis in the blood 
smear of three nymphs. 
(iv) Four day ol.d; (Table : 13) 
PRs (25.40 ± 6.20)% 
In four day old nymphs the number of PRs 
increased significantly. The percentage ranged from 19.58 to 
36.00. However, the variation was less than that of the threp 
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day o l d nymphs b u t i t w-as 64.64% of t h e n\ean (25 .40 ± 6 .20)%. 
PLs (48 .62 ± 8.3)% 
Contrary to the percentage of PRs the popula-
tion of PLs was lower than that of the three day old nymphs. 
The variation was from 36.00 to 59.02 per cent which was more 
than double of the three day old nymphs. 
GRs (3.09 ± 1.04)% 
Their mean percentage also decreased and the 
percentage of these cells varied from 1.38 to 4.16 which was 
less than that of their mean percentage (3.09 ± 1.04)%. 
CYs (0.83 ± 0.60)% 
These haemocytes were rare and ranged from zero 
to 1.66 per cent. The deviation was less than their mean 
value (0.83 ± 0.60)% and variation was 200 % of the mean. 
OEs (9.91 + 3.77)% 
These cells were seen in four day nymphs and 
their percentage varied from 4.16 to 12.80. The variation was 
79.11 percent of the mean (9.91 ± 3.77%). In three nymphs, 
percentage of these cells was above the mean and m only two 
nymphs it was below. 
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ADs ( Absent. ) 
Mitosis; (Absent) (Table: 13) . 
Fifth Instar Nymphs (Table : 14) 
(i) One day oldr (Table : 14) 
PRs (22.38 ± 6.20)% 
More than l/5t of the total population of 
haemocytes was that of PRs but their percentage varied from 
14.70 to 31.96. However, thp variation was 3/4th (77.12%) of 
the mean 22.38+6.20. In only two nymphs their percentage was 
above the mean and in other three nymphs it was below that. 
However, deviation was more than l/4th (27.70%) of the mean. 
PLs (50.23 ± 8.82)% 
Their percentage varied from 36.88 to '59.73. 
However, the variation was less than half (45.49%) of the mean 
50.23 + 8.82 %. The deviation was less than l/6th (17.55%) 
of the mean. In two nymphs the percentage was above and in 
three it was below the mean . 
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GRs (5.61 ± 2.01)% 
These haemocytes were very low in number as 
compared to that of PLs and PRs.These varied from 2.68 to 7.3 7 
per cent. The deviation was less than half (3 5.56%) of the 
mean but the variation (83.56%) was more than 4/5th (83.56%) 
of the mean. In two nymphs, GRs were more and in three these 
were less than the mean. 
CYs (0.63 ± 0.20)% 
These cells were rare and in only three nymphs 
out of five one or two CYs were present, otherwise in two 
nymphs these cells were absent. So the variation was more 
( 158.73% ) than that of the mean value (0.63+0.70). 
OEs (7.57 + 2.19)% 
Percentage of these haemocytes was lower as 
compared to that of the PLs and PRs but higher than that of 
the GRs. It varied from 4.91 to 10.43 per cent. The deviation 
was a little more than one fourth (28.92%) of the mean 
(7.57+2.19)%. However, the variation was approximately three 
fourth (74.24%) of the mean . 
ADs (10.38 + 3.95)% 
The percentage of these haemocytes was more 
than that of the GRs and OEs but less as compared to that of 
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PLs and PRs. These cells varied from 4.69 to 13.9 3 per cent. 
The deviation was more than l/3rd (38.05%) and variation was 
more than 4/5th (89.01%) of the mean. In two nymphs, their 
percentage was above and in three it was below the mean. 
Mitosis; (3.18 ± 0.77)% 
The mean percentage of dividing cells (PRs) was 
3.18 + 0.77. 
(ii) Two day old; (Table : 14) 
PRs (28.77 + 8.78)% 
The percentage of PRs was more than that in one 
day old nymphs and ranged from 19.71 to 32.95 per cent. The 
deviation was a little less (30.51%) than l/3rd of the mean 
and variation was less than ha}f (46.02%) of the mean. 
PLs (49.64)% 
The percentage of PLs, was a little less than 
that of one day old nymphs and varied from 34.50 to 61.26%. 
However, the variation was little above half (53.90%) of the 
mean percentage. In two individuals their percentage was 
above and in three it was beJow the mean. 
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GRs (5.54 ± 1.82)% 
The percentage of these haemocytes remained 
unchanged as compared to that of one day old nymphs. 
CYs (0.56 ± 0.59)% 
In only three nymphs, not more than two CYs per 
nymph were identified. The variation in their percentage was 
more ( 105.36% ) than the mean 0.56+0.59%. 
OEs (5.49 ± 1.43)% 
Their percentage was less than that of one day 
old nymphs and ranged from 3.52 to 7.04 per cent. The devia-
tion was above one fourth ( 26.05% ) of the mean percentage. 
ADs (8.90 ± 3.44)% 
The percentage of ADs was also less than that 
of their percentage in one day old nymphs.These cells ranged 
from 4.87 to 12.80 per cent. The variation was littDe less 
(89.10%) than the mean ^8.09+3.44). 
Mitosis: (1.07 ± 1.34)% 
In only three out of five nymphs, the mitotic 
stages in PRs were identified. Their mean percentage was 1.07 
+ 1.34 . 
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(iii) Three day old; (Table : 14) 
PRs (31.16 ± 6.41)% 
The percentage of PRs was further higher than 
that of two day old nymphs and it varied from 24.76 to 41.79 
per cent. The deviation was one fifth of the mean value 31.16 
+ 6.41. However, the variation was about half of the mean. 
PLs (45.08 + 7.20)% 
The percentage of PLs was less than that of the 
two day old nymphs. It ranged from 35.82 to 55.26 per cent. 
However, the variation was less than half (43.12%) of the mean 
45.08 ± 7.20%. 
GRs (2.25 ± 1.14)% 
Their oercenl agt^  of these cells declinea t< 
less than half of that of two day old nymphs and varied froir 
0.65 to 3.70 per cent. The deviation was more than half 
(50.66%) of the mean . However, variation was more (135.5%) 
than the mean . 
CYs (1.20 ± 1.14)% 
These cells increased as compared to two day 
old nymphs and their deviation was 95% of the mean. 
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OEs (10.61 ± 2.29)% 
The percentage of these cells was more than 
that of the two day old nymphs and ranged from 8.20 to 14,28 
per cent. The variation was more than half (57.30%) of the 
mean . 
ADs (8.60 ± 3.56)% 
The population of these cells was almost equal 
to that of tv/o day old nymphs and varied from 3.2 8 to 11.7] 
per cent. The variation was almost equa] (98.02%) to the mean 
(8.60+3.56) . 
Mitosis: (1.06 + 1.23)% 
Stages ot mitotically dividing PRs was 1.06 + 
1.23 per cent. 
(iv) Four day old: (Table : 14) 
PRs (29.68 + 7.49)% 
The percentace of PRs was equal to that of 
three day old nymphs and varied from 22.22 to 32.18 . The 
variation was approximately one third (33.55%) of the mean 
(29.68 ± 7.49) . 
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PLs (48.6 + 6.69)% 
The percentage of PLs was higher than that of 
three day old nymphs and ranged from 39.06 to 56.77. The 
variation was more than one third (36.44%) of the mean (48.06 
+ 6.69). 
GRs (4.32 ± 1.79)% 
The percentage of GRs was double as compared to 
that of three day old nymphs and it varied from 1.93 to 6.36. 
The variation was more (102.5%) than the mean 4.32 + 1.79. 
CYs (0.83 ± 0.65)% 
These cells varied from 0.64 to 1.81 per cent. 
However, in one nymph these were completely absent. The 
variation was about one and half times (144.57%) of the mean 
percentage (0.83 + 0.65). 
OES (9.65 ± 3.77)% 
The percentage of OEs ^as less than their 
percentage in three day old nymphs and it ranged from 6.2 5 to 
11.11 percent. The variation ( 50.35% ) was half of the mean 
(8.82 ± 1.89)%. 
ADs (6.88 ± 1.50)% 
The percentage of ADs was lower than that of 
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the three day old nymphs and it ranged from 4.57 to 8.3 3 . 
The variation was more than half (54.65%; of the mean (6.88 + 
1.50) . 
Mitosis: (1.38 + 0.88)% 
One to three dividing PRs were found in each 
nymph. The variation was les.s than their mean percentage (1.38 
± 0.88)• 
(v) Five day old: (Table : 14) 
PRs (51.70 + 5.24)% 
The PRs varied from 43.10 to 56.18 per cent. 
Their mean percentage was significantly higher than that of 
the four day old nymphs. The variation was l/4th (25.29%) of 
their mean percentage (51.70 + 5.24). 
PLs (28.19 ± 5.18)% 
The PLs varied from 2 3.71 to 36.63 per cent and 
their mean percentage was significantly lower than that of the 
four day old nymphs. However, the variation was less than half 
(45.83%) of the mean and it was more than their variation in 
four day old nymphs. 
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GRS (3.68 + 1.92)% 
The percentage of GRs was also less than that 
of four day old nymphs. It varied from 1.50 to 5.4 8 per cent 
and deviatioi-i was more than half (52.17%) of the mean (2.69 
+ 0.86) whereas variation (110.8%) was more than the mean. 
CYs (0.49 + 0.47)% 
These cells varied from 0.43 to 0.57 per cent 
and the variation was less than their mean percentage. 
OEs (7.73 + 1.50)% 
The percentage of OEs was less than that of 
four day old nymphs and varied from 3.57 to 10.76. The 
variation was almost equal (93.01%) to the mean. 
ADs (6.50 ± 0.94)% 
The percentage of ADs was also much less than 
that of four day old nymphs. These varied from 4.03 to 9.50 
per cent. The variation was less (84.15%) than the mean. 
Males (Table : 15) 
(i) One day old; (Table : 15) 
12 3 
PRs (14.39 ± 3.59)% 
The percentage of these cells in the haemolymph 
of one day old males varie'i from 11.08 to 16.12 percent. 
However, the deviation was one fourth (24.94%) of the mean 
(14.39 ± 3.59). However, variation was a little above one 
third (35.02%) of the mean. In two males, the percentage of 
these cells was above and in others it was below the mean. 
PLs (56.30 ± 6.54)% 
The number of PLs was highest of all the types 
of cells. The percentage of these cells ranged from 53.14 to 
62.39. The deviation was within the narrow range (11.61%) of 
the mean (56.30 ± 6.54%). The variation (24.86%) in the mean 
percentage of the PLs was and it was almost equal to the 
deviation in the mean percentage of the PRs. However, in 
three males, the percentage of PLs was above and in two it was 
below the mean. 
GRs (4.88 ± 2.22)% 
These haemocytes were only a few in comparison 
to that of the PLs and PRs. Their percentage ranged from 2.51 
to 6.45 among five individuals. The variation was above 3/4th 
(80.73%) of the mean (4.88 ± 2.22%). The deviation (35.10%) 
from the mean percentage of was low as compared to that of PRs 
and higher than that of PLs. In two males their 
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percentage was aiDove and in three it was below the mean. 
CYs (1.74 ± 1.18)% 
These were rare as compared to the number of 
PLs and PRs. The deviation was two third (67.81%) of the mean 
(1.74 ± 1.L8). The variation in these cells was lower 
(42.52%) than that of GRs and higher than PRs and PLs. In two 
males, their percentage was above and in three males it was 
below the mean. 
OEs (9.08 ± 2.15)% 
These cells were in moderate number and their 
percentage ranged from 6.66 to 11.11. However, the deviation 
was less than one fourth (23.67%) of the mean (9.08 ± 
2.15%). The variation in the mean percentage of these cells 
was almost half (49%) of the mean and less than that of GRs 
whereas it was more than that of PRs and PLs. However, in 
three males their percentage was above and in two it was below 
the mean. 
ADs (13.65 ± 4.30)% 
These cells were also counted in adeguate 
number. Their percentage ranged from 11.11 to 18.18. The 
deviation was less than one third (29.30%) of the mean (13.65 
+ 4,30%) and variation was a little above half (51.79%) of the 
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mean. In four males their percentage v;as above and in one it 
was below the mean. 
Mitosis; (Absent) 
(ii) Two day old: (Table : 15) 
PRs (18.12 ± 6.21)% 
The percentage of PRs ranged from 14.04 to 
22.03 among five individuals and their deviation (34.27%) was 
about l/3rd (34.27%) of the mean (18.12 ± 6.21)%. The 
variation was less than half (44.09%) of the mean. But the 
mean percentage of PRs in the haemolymph of two day old males 
was higher than their variation and mean percentage in one day 
old males. 
PLs (65.45 + 5.23)% 
Their number was highest of all the cells and 
percentage ranged from 60.15 to 70.76 . However, the devia-
tion was less than one tenth (7.99%) of their mean, which may 
be regarded narrow deviation. The mean percentage was higher 
than that of one day old males. The variation was also less 
(16.2%) than that of one day old males. In three individuals 
their percentage was above and in one it was below the mean. 
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GRs (4.2 ± 1.56)% 
These haemocytes ranged from 2.30 to 6.61 per 
cent. The deviation was above one third (37.14%) of the mean 
(4.20 + 1.56%). Their mean percentage was depleted and it was 
lower than that of one day old males. The variation in the 
distribution of these cells was more (102.6%) than the mean. 
In two males their percentage was above and in one it was 
equal whereas in two it was below the mean. 
CYs (1.77 + 1.05)% 
These haemocytes were only a few in the 
haemolymph of two day old males like that of one day old males 
and their mean was also equal to that of one day old males. 
The deviation (59.32%) was also nearly equal to that of one 
day old males. In two males their percentage was above and in 
three it was below the mean. 
OEs (5.01 ± 2.61)% 
These cells were also very few in number and 
their percentage ranged from 3.7 3 to 7.43. However, the 
deviation was half of the mean (5.01 + 2.61)%. The variation 
was less than three fourth (7i.25%) of the mean and higher 
than their variation in one day old males. Further, the mean 
percentage was lower than that of one day old males. In 
three males, the percentage was above and in two it was below 
12 / 
the mean. 
ADs (8.09 ± 3.79)% 
Only a few cells were seen in each smear, which 
were less than one third number of PRs. Their percentage 
ranged from 5.38 to 10.74 and deviation was less than half of 
the mean (8.09 + 3.79%). Further, their variation (66.25%) was 
more than that in one day old males. In two males the 
percentage was above and in three it was below the mean. 
(iii) Three days old; (Table : 15) 
PRs (9.95 ± 7.87)% 
The number of PRs ranged from 4.95 to 16.08 per 
cent among five individuals. The deviation was four fifth 
(79.09%) of the mean (9.95 i 7.87%). The variation in the mean 
percentage of these cells wa? three times more fill.85%) than 
that in one day old and two aay old males. The mean percent-
age of PRs in three days old males was about half of the two 
day old males. Further it was also lower than that of one day 
old males. In two males, the percentage was above and in 
three it was below the mean. 
PLs (73.79 ± 7.03)% 
These were most abundant cells and their per 
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centage ranged from 65.03 to 32.17. However, the deviation 
(9.52%) was within the narrow range of the mean (73.79 + 
7.03%). Their percentage was higher than that of their mean 
percentage in the haemolymph of two day old and one day old 
males. The variation was less than one fourth (32.22%) of the 
mean. In three males, the percentage was above and in two it 
was below the mean. 
GRs (4.14 + 3.92)% 
These cells were fewer than PLs and about half 
of the number of PRs and their percentage ranged from 1.98 to 
7.5. The deviation (94.68) was near to the mean (4.14 ± 
3.92%). The variation was higher (133.33%) than that of one 
day old males. The mean percentage of these cells was lower 
than their mean in two days old males and higher than that of 
the one day old males. 
CYs (1.16 ± 0.89)% 
These cells were present in four out of five 
males. Their percentage ranged from 0.83 to 2.09 . However, 
the deviation was more than three fourth of the mean (1.16 + 
0.89%). The variation (108.62%) in the mean percentage was 
more (108.62%) than two days and one day old males. 
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OE,S (5.00 + 1.8)% 
Their percentage ranged from 4.95 to 7.50. The 
deviation was more than one third (36%) of the mean (5.00 + 
1.8%). The variation in the mean percentage of these cells was 
lower (51%) than in two day old and more than one day old 
males. The mean percentage of these cells was also lower than 
that of one day old males. In three males, the percentage was 
above and in two it was balow the mean. 
ADs (5.14 + 3.17)% 
These cells varied from 4.01 to 6.99 per cent 
and the deviation was over half (61.67%) of the mean (5.14 + 
3.17%). In three males their percentage was above and in two 
it was below the mean. 
Mitosis: (Absent) 
(iv) Four days old; (Table : 15) 
PRs (11.14 ± 5.92)% 
The percentage of these haemocytes varied from 7.62 
to 16.66 and deviation was nearly half (53.14%) of the mean 
(11.14 + 5.92%). The average percentage of PRs was higher 
than in three days old males but lower to that of two days old 
and one day old males. The variation was above four fifth 
130 
(81.14%) of the mean. In two 'Tiales the percentage was above 
the mean and in three it wa's below it. 
PLs (74.24 + 3.79)% 
The percentage ot these cells were highest as 
compared to that of other types of cells and varied from 71.5 
to 76.86. The deviation (5.10%) was within the narrow range of 
the mean (74.24 ± 3.79)%. The mean percentage of PLs in four 
days o]d males was higher than in three days old males. The 
mean percentage of these cells gradually showed increase with 
advancing age. 
GRs (5.12 ± 3.98)% 
These cells were very few in number and their 
percentage ranged from 2.12 to 7.63. The deviation was more 
than half of the mean (5.12 + 3.98)%. The mean percentage is 
higher than in three days old, two days old and one day old 
males. The variation in the average percentage is more 
(107.61%) than that of three days old males. 
CYs (1.05 ± 1.52)% 
These cells were rare and only one of the five 
smears contained a few of CYs and their percentage ranged from 
0.72 to 2.29. The deviation was more (144.76%) than mean 
(1.05 ± 1.52), which declined to less than that of three days, 
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two days and one day old males. 
OEs (3.19 ± 2.60)% 
These cells were also only a few in number and 
their mean percentage varied from 2.29 to 5.98. The deviation 
was more than four fifth (81.50%) of the mean (3.19 ± 2.60)%. 
In one of the five individuals these cells were absent. 
ADs (3.76 ± 3.76)% 
The number of these cells was also little and 
their percentage ranged from 2.29 to 7.62. The deviation was 
exactly equal (100%) to the mean (3.76 + 3.76)%. Further, the 
mean percentage of these cells in the males of this age group 
was significantly lower than in three days old, two days old 
and one day old males. In one of the five males, these cells 
were absent. 
(V) Five days old: (Table : 15) 
PRs (9.25 ± 7.87)% 
The percentage of these haemocytes ranged froiT 
6.50 to 17.64 among five individuals. However, the deviation 
was little less (85.08%) than mean (9.25 + 7.87)%. The mean 
percentage was higher than ':hat of four days old and three 
days old males, but lower than two days old and one day old males. 
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PLS (74.59 ± 9.39)% 
These were highest in number as compared to of 
all the other cells The percentage varied from 66.38 to 
79.67. The deviation was almost one eighth (12.58%) of the 
mean (74.59 ± 9.39)%. The variation wa.s also higher (17.81%) 
than the variation m the percentage of the PLs of four days 
old, two days old males but less than one day and three day 
old males. The mean percentage of PLs was also higher than 
their percentage in the four days old, three days old, two 
days old and one day old males. In three males their percent-
age was above and in two it was below the mean. 
GRs (5.13 ± 1.83)% 
The percentagr- of GRs ranged from 4.06 to 6.66. 
However, the deviation was more than one third (35.67%) ot 
the mean (5.13 + 1.83)%. Their mean percentage was same as m 
four days old males and the variation in this age group was 
low (50.68%). 
CYs (0.58 ± 3.04)% 
These cells were present in three of the five 
males of in this age and their percentage varied from 0.58 to 
1.48. However, the deviation v/as almost double (173.31%) than 
that of the mean (0.58 + 1.04)%. Their mean percentage 
declined to lower than that of in four days old, three days 
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old, two days old, and one day old males respectively. 
OEs (3.81 ± 1.98)% 
The OEs ranged from 2.2 3 to 5.04 per cent and 
their deviation was over half (51.96%) of the mean (3.81 ± 
1.98)%. Further, the mean percentage of OEs was lower than 
that of the four days old, three days old, two days old and 
one day old males. Moreover, mean percentage of OEs was in 
increasing order as the age advanced. 
ADs (3.18 ± 3.10)% 
Their number w^s equal to that of OEs and their 
percentage ranged from 1.49 to 5.88. However, the deviation 
was almost equal (97,48%) to that of the mean (3.18 ± 3.10)%, 
Their mean percentage was lower than that of four days old, 
three days old, two days old, and one day old males respec-
tively. The mean percentage declined gradually as the age 
advanced, 
(iv) Six day old; (Table : 15) 
PRs (13.12 ± 4.98)% 
The percentage of these haemocytes ranged from 
10.52 to 17.5? and deviation was over one third (37.95%) of 
the mean (13.12 ± 4.98)%. Their mean percentage was higher 
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than that of five days old, four days old and three days old 
males but lower than that of two days old and one day old 
males. Further, the variation was less (53.3 5%) than the 
variation in the percentage of these cells in five days old, 
four days old, three days old and two days old males, but more 
than one day old males. 
PLs (74.4 ± 3.95)% 
The percentage of these cells varied from 71.85 
to 77.44. but it was within the narrow range of the mean 
(74,4 + 3.95)%. The mean percentage of these cells was higher 
than that of five, four, three, two and one day old males. 
In three males their percentage was above and in two it was 
below the mean. 
GRS (4.72 ± 2.64)% 
These haemocytes ranged from 2.42 to 6.86 per 
cent. However the deviation was over half (55.93%) of the mean 
(4.72 + 2.64)%. The percentage of these cells was in decreas-
ing order from three days old males to six days old 
males when it became equal to that of one to three days old 
males. 
CYs (0.39 ± 1.04)% 
Two cut of five males contained these cells in 
13 5 
very low number varying from 0.59 to 1.48 per cent. The 
deviation was more than two and half times (266.66%) of the 
mean (0.39 + 1.04)%. Further, the mean percentage was lower 
than that of the five days old, four days old, three days old, 
two days old and one day old males. The mean percentage was in 
declining order with the advancing age. However, the decreas-
ing trend was slow. 
OEs (3.28 ± 3,62)% 
The percentage of these cells ranged from L.52 
to 6.66 and the deviation was more (110.36%) than the mean 
(3.28 + 3.62)%. The mean percentage was lower than that of the 
five days old, four days old, three days old, two days old and 
one day old males. The percentage of these cells was also in 
decreasing order with the increasing age of the males and 
changes were sharp in between one and two days old males but 
slower thereafter. 
ADs (3.06 + 3.76)% 
These cells were only a few in number and 
ranged from 0.74 to 5.00 per cent. The deviation was more 
(122.87%) than the mean (3.06 1 3.76)%. The mean percentage of 
these cells was lower than that of five days old males. The 
mean percentage of ADs was also in decreasing order with the 
advancing age of the males. The depletion was rapid from one 
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to three days old males but gradual and slow from three to six 
days old males. 
Female (Table : 16) 
(i) One day old; (Table : 16) 
PRs (10.02 ± 4.72)% 
The percentage of these haemocytes varied froit' 
6.-^ 6 to 13.04 and the variation was more than half (66.6%) of 
the mean (10.02 ± 4.72)%. However, the deviation was less 
than half (47.10) of the mean. In two females their percent-
age was above and in three it was below. 
PLs (54.67 ± 6.54)% 
These cells ranged from 51.29 to 60.50 per cent 
and variation was about one f.ixth (16.84%) of the mean (54.67 
+6.54)%. In three females, the percentage was above and in 
two it was below the mean. 
GRs (5.71 ± 1.68)% 
These haemocytes ranged from 4.45 to 6.81 per 
cent. However, their variation was less than half (41.68%) of 
the mean (5. 7i + i, 68) %. In three females, the percentage was 
above and in two it was below the mean. 
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CYs (1.90 + 1.68)% 
These cells were only very few in number and 
varied from 0.64 to 3.03 per cent and their variation was 
almost double than that of the mean (1.90 + 1.68)%. 
OEs (4.31 ± 2.53)% 
The percentage of these haemocytes ranged from 
2.48 to 6.06. However, the deviation was more than half 
(58.70%) of the mean (4.31 + 2.53)%. However, the variation 
was above four fifth (83.06%) of the mean. In two females, 
the percentage was above and in three ir was below the mean. 
ADs (23.35 ± 3.49)% 
These were many in number and next to that of 
PLs and varied from 20.38 to 25.32 per cent. The deviation was 
less than l/6th (14.94%) of the mean (23.35 + 3.49)%. 
However, the variation was about one fifth (21.15%) of the 
mean. In two females the percentage was above and in three it 
was below the mean (23.25 + 3.49)%. 
(ii) Two day old: (Table : 16) 
PRs (11.36 + 3,49)% 
Their percentage was higher than that of one 
day old females and varied from 8.64 to 13.58 . The deviation 
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was less than one third (30.72%) and variation was less than 
half (45.59%) of the mean. In two females their percentage 
was above and in three it was below the mean. 
PLs (57.09 ± 4.80)% 
These cells formed the bulk of the haemocytes 
population and their number w<^ s more than that of one day old 
females, which varied from 53.70 to 60.49 per cent as low 
range variation i.e. a little above one ninth (11.89%) of the 
mean. In two females, the percentage was below and in three 
it was above the mean. 
GRs (4.76 ± 2.19)% 
These cells were only a few in number even 
lower than that of one day old females. Their percentage 
varied from 3.08 to 6.17 showing (61.90%) variation as 
compared to the mean (4.76 ± 4.93)%. In two females, the 
percentage was above and in three it was below the mean. 
CYs (3.54 ± 2.12)% 
These cells were very few in number ranging 
from 1.93 to 4.93 per cent and the variation was four fifth 
(83.89%) of the mean , However, the deviation was over half 
(59.88%) of the mean. In three female?, the percentage was 
above and in two it was belov; the mean. 
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OEs (3.54 ± 2.28)% 
Tnese cells were also very few in number and 
varied from 1.85 to 5.03 per cent showing variation a little 
less than the mean (89.83%). 
ADs (19.68 ± L.49)% 
The percentage of these haemocytes varied from 
18.86 to 20.98 in the total population. But it was lower than 
that of one day old females. However, the variation was only 
little (10.77%) as compared to the mean . 
(iii) Three day old: (Table: 16) 
PRs (11.45 1 2.59)% 
These haemocytes grew in number over that of 
previous age and ranged from 9.94 to 13.61 per cent with the 
mean (11.46 + 2.59)%. vhe variation was less than oni^  rhj rd 
(32.05%) of the mean. However, the deviatiori rrom the mean 
was over one fifth of that value. 
PLS (69.41 + 3.76)% 
Like PRs the percentage of these cells also 
further increased with age and it ranged from 6 7.03 to 72.3 5 
per cent with the mean (69.41 ± 3.76)%. The variation 
(7.66%) was one fourteenth of the irean . In three females 
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the percentage was above and in two it was below the mean. 
GRs (3.67 ± 0.94)% 
These haemoc/tes showed depletion in their 
number and varied from 2.92 to 4.25 per cent but the variation 
was about one third (36.23%) of the mean (3.67 + 0.94) %. 
However, deviation was one fourth (25.61%) of the mean. Ln 
two individuals the percentage was above and in three it was 
belov/ the me^n. 
CYs (2.22 ± 1.54)% 
These haemocytes also followed dropped in 
number and ranged from.1.17 to 3.55 per cent with the varia-
tion a little above (107.2%) the mean (2.22 ± 1.54)%. 
OEs (3.33 + 1.49)% 
These haemocytes varied from 2.35 to 4.46 per 
cent with the mean (3.33 ± 1.49)%. However, the deviation was 
less than half (44.74%) of the mean (3.33 ±1.49)%. The 
variation was more (63.36%) than the mean. In only two 
females, the percentage was above the mean. 
ADs (9.89 + 1.66)% 
These haemocytes declined in number as compared 
to rhat of earlier age and varied from 8.82 to 11.17 per cent 
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which was less than one fourth of the mean (9.89 ± 1.66)%. 
The deviation (16.78%) was about one sixth of the mean. In 
three females, the percentage was above and in two it was 
below the mean. 
(iv) Four day old: (Table : 16) 
PRs (8.25 ± 3.50)% 
Their number showed fall from that of the 
previous age ( 3 days old) and ranged from 6.39 to 11.29 per 
cent with the deviation less than half (42.42%) of the mean . 
The variation (59.39%) was more than half of the mean. In 
three females their percentage was above the mean. 
PLs (75.00 ± 2.92)% 
These cells ranged from 70.23 to 82.4 per cent. 
The deviation (3.89%) and variation (6-22%) were within the 
narrow range of the mean. In three females, their percentage 
was above and in two it was below the mean. 
GRs (4.91 ± 2.16)% 
Contrary to the population of the prohaemocytes 
these haemocytes increased in number as compared to that of 
three days old females and varied from 1.80 to 6.28 per cent 
with deviation less than half (43.99%) of their mean (4.91 + 
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2.16)%. In two females, the percentage was above and in three 
it was below the mean. 
CYs (4.35 ± 1.80)% 
These haemocyter. were only a few in number and 
only four out of the five femaler- showed their occurrence, and 
remained higher than that of earlier age. Their variation was 
less than double (172.41%) of the mean. 
OEs (4.35 ± 1.80)% 
These haemocytes enhanced in number as compared 
to that of preceding age and varaed from 2.8 5 to 5.3 7 per cent 
showing deviation which was less than half of the mean . The 
variation was more than half (57.93%) of the mean. 
ADs (6.26 ± 1.97)% 
These hdemocyt-es showed depletion m their 
number as compared to that of previous age and their 
percentage varied from 4.76 to 8.00 per cent. The variation 
was slightly over one half of the mean (6.26 ± 1.97)%. The 
deviation (31.46%) was less than one third of the mean. In 
two females, their percentage was above and in three females 
it wa'5 below the mean. 
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(V) Five day old: (Table : 16) 
PRS (12.52 ± 3.64)% 
Their percentage increased from that of a day 
younger females and varied from 10.27 to 15.42 per cent. The 
deviation was above one fourth (29.07%) and the variation was 
less than half (41.13%) of the mean. In two females, the 
percentage was above and in three it was below. 
PLs (74.29 + 2.16)% 
These cells were in maximum number as compared 
to other types of cells. But in this age group these declined 
as compared to preceding age. These cells varied from 72.47 
to 74.29 per cent. But the -^ 'ariation (2.44%) was within very 
narrow range of the mean (74.29 + 2.16)%. 
GRs (3.26 ± 1.55)% 
These cells also showed further fall in number 
in comparison to that of previous age and varied from 2.12 to 
4.32 per cent The deviation was about half (4'7.54%) of the 
mean percentage (3.26 ± 1.55). 
CYs (1.08 ± 0.79)% 
These haemocytes were very few in number and 
varied from 0.5 to 1.28 per cent. However, their variation 
14 5 
(72%) and deviation (73.14%) were about three fourth of the 
mean (1.08 + 0.79) . 
OEs (2.72 ± 1.54)% 
The percentage of these cells in the total 
population of haemocytes was further decreased and varied from 
1,50 to 3 . Both variation (55.14%) and deviation (56.61%! 
were over half of the mean {2.1 ± 1.54)%, In two females 
their percentage was above and in other two it was below the 
mean . However, in one female these cells were absent. 
ADs (6.1 ± 2.40)% 
Their number was reduced to a few cells and 
these varied from 4.5 to 7.59 per cent. The variation was 
half (50.65%) of the mean. In three females the percentage 
was above and in two it was below the mean. 
(vi) Six day old: (Table : 16) 
PRs (12.12 ± 3.79)% 
The population of these cells was unchanged as 
compared to that of five days old females and varied from 9.23 
to 15.84 per cent. The variation was about one half (54.53%) 
of the mean (12.29 ± 3.''9)%. 
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PLS (78.05 ± 3.53)% 
The number of these haemocytes further enhanced 
on eixth day and it varied fz^ om 7 4.75 tc 79.89 percent. 
However both variation (6.50%) and deviation (4.52%) were 
within low range of the mean (78.05 ± 3.5)%. In three 
females the percentage was above and in two it was below the 
mean. 
GRs (2.08 ± 1.53)% 
The depletion in their number continued even on 
sixth day and these varied from 1.09 to 3.2 6 per cent. The 
deviation was three fourth (73.55%) of the mean . 
CYs (2.08 ± 1.53)% 
The occurrence of these cells was noticed only 
in four out of five females but their number was very low. 
These cells varied from 1.63 to 2.80 per cent. 
OEs (2.61 ± 1.53)% 
The number remained very low and it varied from 
1.5 to 3 per cent. The variation was over half (58.62%) of the 
mean (2.61 + 1.53)%. 
ADs (4. 18 ± 1.75)% 
The population of these cells further declined 
147 
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and varied from 3.06 to 5.06 per cent. The deviation (39.965%) 
was less than half (39.9%) of the mean . The variation 
(45.66%) was also less than half of the mean. 
B. Nepa cineria 
Third Instar Nymphs (Table : 17) 
One day old; (Table : 17) 
PRs (13.1216 ± 2.82)% 
These haemocytes ranged from 10.64 to 17.44 per 
cent with the mean 13.1216 ± 2.82%. However, the deviation 
was within the narrow range of the mean. The variation 
(51.82%) was little above half of the mean. 
PLs (32.43 ± 5.32)% 
These cells were counted as 26.8 to 40.69 per 
cent with the mean 32.43 + 5„22 per cent among five individu-
als. The variation was 42.83% of the mean . The mean percent-
age of these cells was two and half times more than that of 
PRs. 
GRs (3.17 ± 0.91)% 
These haemocytes ranged from 2.30 to 4.65 per 
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cent with the mean , 3.17 + 0.91%. The number of these 
haemocytes was less than one fourth of PRs and approximately 
one tenth of the PLs number. However the variation was 74.13% 
of the mean . 
CYs (3.26 + 0.70)% 
These ceils ranged from 2.07 to 3.82 per cent. 
The mean percentage of CYs was approximately equal to that of 
GRs. The variation, of the mean was less 53.68% than that 
of GRs. 
OEs (28.39 ± 8.31)% 
These haemocytes ranged from 14.53 to 35.31 per 
cent with the mean 28.39 + 8.31. The percentage of OEs was 
less than that of PLs but more than double as compared to that 
of the PRs. The range of variation was 73.19% of the mean . 
ADs ri7.9 + 1.18)% 
The number of these cells ranged from 16.86 to 
19.81 per cent with the mean percentage 17. y3 + 1.18. The 
variation was within the narrow range (16.48%) of the mean . 
The percentage of ADs was more than that of the PRs, GRs and 
CYs but less than that of the PLs and OEs. 
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Mitosis: (1.68 + 0.55)% 
The stages of mitosis were recorded in PRs and 
their percentage ranged from 0.92 to 2.3 with the mean , 1.68 
+ 0.55. However, variation in their distribution was 82.14% 
of the mean percentage. 
(ii) Two day old: (Table : 17) 
PRs (12.20 + 1.76)% 
In two day old third instar nymphs the mean 
percentage of PRs was slightly lower than that of one day old 
nymphs. Their percentage ranged from 10.47 to 14.13 with the 
mean , 12.20+1.76. However, the variation was within 30% of 
that of the mean . 
PLs (35.56 ± 5.51)% 
The percentage of the PLs was higher in two 
days old than in one day old nymphs and it ranged from 29.14 
to 44.17 with the mean 35.56 ± 5.51% . However, the varia-
tion was 42.26% of the mean and it was equal to that of one 
day old nymphs. 
GRs (3.99 ± 0.61)% 
The number of these haemocytes varied from 
3.33 to 4.89 per cent with mean 3.99 + 0.61%. The variation 
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was 39.09% of the iiiean . Their percentage in two day old 
nymphs was higher than that of one day old nymphs. 
CYs (2.59 + 0.67)% 
The number of these cells varied 65.63% from 
the mean . Their population decreased in two day old nymphs. 
The percentage of these cells varied from 1.63 to 3.33. 
OEs (27.35 ± 5.28)% 
The percentage of these haemocytes ranged from 
20.24 to 32.73 with mean 27.35 ± 5.28%. The variation was 
45.66% of the mean . The percentage of OEs was lower than 
that of one day old nymphs. 
ADs (17.03 ± 2.14)% 
The percentage of these cells varied from 13.49 
to 19.28 with the mean 17.03 + 7.14%, which was decreased as 
compared to that of one day old nymphs. The variation was 
33.99% of the mean . 
Mitosis: (1.24 ± 0.53)% 
The number of mitotically dividing PLs ranged 
from 0.89 to 2.17 per cent with the mean of 1.24 + 0.53%. 
However, the variation was more than their mean percentage. 
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(iii) Three day old; (Table : 17) 
PRs (14.51 ± 2.61)% 
These haemocytes had higher percentage than 
that of one day old nymphs. Their percentage varied from 12.19 
to 18.60 with the mean (14.51 ± 2.61)%. The variation was 
44.17% of the mean. In three nymphs their percentage was above 
the mean and in two it was below that value. 
PLs (33.19 ± 5.0)% 
The number of these haemocytes ranged from 
29.30 to 40.11 per cent with a mean of 33.19 + 5.0%, which was 
lower as compared to that of two days old nymphs. The 
variation was 39.22% of the mean . 
GRs (2.67 ± 1.11)% 
These haemocytes varied from 1.39 to 4.06 per 
cent with the mean 2.67 + 1.11%. Further, their number was 
depleted as compared to that of one day old nymphs. The 
variation was exactly equal (100%) to their mean . 
CYs (2.09 + 1.20)% 
The variation was more than the mean . Compara-
tively, the percentage of these haemocytes was less than that 
of two day old nymphs. Their percentage varied from 1.19 to 
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4.18. In only one nymph their percentage was above the mean, 
whereas in other four it was below. 
OEs (26.92 ± 8.36)% 
These haemocytes ranged from 14.53 to 35.54 per 
cent with the mean (26.92 ± 8.36)% and a variation of about 
78.04% of the mean . The percentage of oenocytoids also 
declined. In three individuals their percentage was above the 
mean value whilst in two it was below. 
ADs (19.58 ± 2.11)% 
These haemocytes ranged from 16.11 to 21.39 per 
cent with the mean 19.58 + 2.11%. The variation was 26.96% of 
the mean . The percentage of these cells increased in number 
over that of two day old nymphs. 
Mitosis; (1.01 ± 0.65)% 
The PRs in mir.3sis ranged from 0.93 to 1.74 per 
cent with the mean 1.01 + 0.65% and the variation was 80.19% 
of the mean . However, the percentage of mitosis also 
declined in three day old nymphs as compared to that of two 
day old nymphs. 
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PLS 
— PRS 
AGE/DAY y = 12 697 • x^7 0497e-2 R 2^ = 0 202 
y = 33 040*x''3 3129e-2 R''2 = 0 147 
Log graph 5. Changes in the relative percentages of 
prohaemocytes and plasmatocytes in third 
instar nymphs of N. cineria 
Fourth Instar Nymphs (Table : 18) 
(i) One day old: 
PRs (12.25 ± 2.19)% 
After 24 hours following moulting, the fourth 
instar nymphs had PRs ranging from 9.91 to 15.68 per cent with 
the mean 12.25 + 2.19%. The variation was 47.10% of the mean. 
In only two nymphs their percentage was above the mean and in 
three it was below that value. 
PLs (40.68 ± 9.60)% 
These haemocytes increased instantly in fourth 
instar as compared to that of third instar, The percentage 
varied from 30.59 to 54.42 v^fith the mean 40.68 ± 9.60%. The 
variation was 58.57% of the mean. In three individuals their 
percentage was above the mear and in two it was below that. 
GRS (4.22 ± 0.93)% 
There was an increase in the percentage of 
these haemocytes as compared to that in the third instar 
nymphs. These haemocytes varied from 3.65 to 5.88 per cent 
with the mean 4.22 + 0.39%. The variation was 52.84% of the 
mean . Only one nymph had its percentage above the mean, 
otherwise, in four it was below that value. 
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CYs (2.08 ± 0.65)% 
Their number varied from 1.30 to 3.01 per cent 
with the mean 2.08 + 0.65%. The mean percentage of these cells 
and deviation was not much different from that of the third 
instar nymphs. However, variation was 82.21% of the mean 
value. In three samples, the percentage was above the mean 
and in remaining only twa it was below that. 
OEs (29.81 ± 7.62)% 
Their percentage also increased in the nymphs 
of this age group as compared to that of third instars. Those 
cells ranged from 16.33 to 34.24 per cent with the mean 29.81 
+ 7.62%. The variation was 60.08% of the mean. 
ADs (9.56 ± 7.48)% 
Their number was lower in this age and varied 
from 3.26 to 18.10 percent with the mean 9.56 + 7.48%. The 
variation was more than their mean percentage. In only two 
individuals their percentage was above the mean and in three 
it was below. 
Mitosis: (1.35 ± 0.48)% 
The stages of mitosis varied from 0.91 to 2.17 
per cent with the mean 1.35 + 0.48%. The variation was 93.33% 
of the mean . In only one nymph their percentage was above 
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the mean and in four it was below that value . 
(ii) Two day old; (Table : 18) 
PRs (12.24 + 1.08)% 
These cells varied from 10.73 to 13.66 per cent 
with the mean 12.24 ± 1.08%. The variation was 23.93% of the 
mean . The mean percentage of the PRs in two days old nymphs 
was almost the same as in one day old fourth instar nymphs. 
However, there was a decrease in the variation as compared to 
that of one day old nymphs. 
PLs (40.86 ± 7.04)% 
These haemocytes in this age varied from 32.76 
to 47.22 per cent with the mean 40.86 ± 7.04%. The variation 
was 35.38% of the mean . In three nymphs their percentage was 
above the mean and in two it was below that value. 
GRs (7.14 ± 3.91)% 
These haemocytes showed increase and varied 
from 4.37 to 12.77 per cent with the mean 7.14 + 3.91%. The 
variation was more than the iTean . In only two nymphs their 
percentage was above the mean. Otherwise, in three it was 
below that value. 
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CYS (1.33 + 0.15)% 
The percentage of cells decreased as compared 
to that of one day old nymphs and their percentage ranged from 
0.81 to 1.95 with the mean 1.33 ± 0.15%. However, the 
variation was 85.71% of the mean . In only one individual 
their percentage was above the mean and in four it was below. 
OEs (26.46 ± 8.04)% 
The percentage of these cells also decreased 
from that of previous age. These ranged from 12.22 to 31.70 
per cent with the mean ?6.46 ± 8.04%. However, the variation 
was 73.62% of the mean . In four nymphs, their percentage was 
above the mean and in only one sample it was below that value. 
ADs (10.80 ± 5.76)% 
The percentage of these haemocytes showed 
enhancement over that of one day old nymphs and their percent-
age varied from 4.41 to 16.58 with the mean (10.8 0 + 
5.76)%. The variation was more than the mean, and in three 
nymphs their percentage was above it and in two it was below 
that value. 
Mitosis; (1.13 ± 0.30)% 
The mitotic stages did not under-go much 
changes and ranged from 0.85 to 1.63 per cent with the mean 
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1.13 + 0.30%. However, the variation was 66.37% of the mean 
and their percentage in only one nymph was above the mean and 
in four it was below that value. 
(iii) Three day old; (Table : 18) 
PRs (10.91 ± 3.13)% 
On third day, following moulting to the fourth 
instar the percentage of PRs declined and varied from 8.98 to 
13.46 with the mean 10.91 + 3.13%. In three individuals the 
percentage was above the mean while in the rest two it was 
below that value. The variation in the distribution of these 
cells was 41.05% of the mean . 
PLs (36.24 ± 3.13)% 
The percentage of the PLs was depleted and 
ranged from 32.03 to 40.86 showing the mean 36.24 + 3.13%. The 
variation was 24.36% of the mean . 
GRs (7.49 ± 3.21)% 
The percentage of these haemocytes was not much 
changed and it varied from 3.57 to 10.57 with the mean 7.49 ± 
3.21%. The deviation was less than half of the mean and 
variation was 93.45% of mean percentage. 
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CYs (1.75 ± 0.60)% 
These haemocytes ranged from 0.96 to 2.34 per 
cent with the mean 1.7 5 + 0.60%. In three individuals the 
percentage was above the mean while in the rest two it was 
below this value. However, the deviation from the mean was 
over one third of that value and variation was 78.85% of the 
mean percentage. 
OEs (23.96 ± 8.88)% 
The percentage of these haemocytes was further 
decreased as compared to preceding age and ranged from 12.5 to 
37.01 with the mean 23.96 + 8.88%. In only two individuals 
their percentage was above the mean while in the rest three 
individuals it was below. The deviation was slightly more 
than one third (23.96 + 8.88)% of the mean and variation was 
more than mean (23.96 + 8.88). 
ADs (17.95 ± 3.03)% 
The number of these haemocytes was increased 
over that of preceding age and ranged from 14.87 to 21.71 per 
cent with the mean 3 7.95 + 3.03%. In only two individuals the 
percentage of ADs was above the mean while in the rest two 
individuals it was below that value. The range of variation 
was 38.10% of the mean but deviation from the mean was a 
little more than l/6th of tha mean. 
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Mitosis; (1.67 ± 0.76)% 
Mitosis in PRs ranged from 0.78 to 2.54 per 
cent, with the mean 1.67 ± 0.76%. In three individuals, 
percentage was above the mean and in the rest individuals it 
was below that value. However, the variation was more than 
the mean percentage. 
(iv) Four day old: (Table : 18) 
PRs (12.42 ± 1.40)% 
These were increased on fourth day and varied from 
10.37 to 13.69 per cent with the mean 12.42 ± 1.40)%. In three 
individuals their percentage was above the mean while in two 
individuals it was below. The variation was 26.73% of the 
mean. However, the deviation was about one ninth of the mean, 
which may be treated as low deviation. 
PLs (37.86 + 5.44)% 
These haemocytes increased over that of the 
previous age and varied from 30.51 to 43.10 per cent with the 
mean 37.86 ± 5.44%. In three individuals the percentage of 
PLs was above the mean while in two individuals it was below 
that value. The variation was 33.25% of the mean. But 
deviation was l/7th of the mean. 
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GRS (3.11 ± 0.18)% 
Unlike PLs these cells decreased in number and 
varied from 2.87 to 3.30 per cent with the mean 3.11 + 0.18%. 
In three individuals their percentage was above the mean while 
in the rest two individuals it was below that value. The 
variation was 13.82% of the mean and the deviation from the 
mean was over one sixth (0.18) of that value. 
CYs (2.25 ± 0.80)% 
Their percentage varied from 1.75 to 3.49 and 
the deviation was above one third of their mean (2.25 + 
0.80%). 
OEs (31.80 + 2.70)% 
On fourth day, the percentage of these cells 
increased and varied from 27.89 to 34.27 with the mean 31.80 
+ 2.70%. In three individuals, their percentage was above the 
mean while in the rest two individuals it was below. However, 
the range of variation was 20.06% of the mean. Whereas 
deviation from the mean was 8.4% of that value. 
ADs (11.09 + 5.90)% 
The percentage of these haemocytes showed drop 
and varied from 4.76 to 16.98 per cent with the mean 11.09 ± 
5.90%, In three individuals, their percentage was above the 
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mean while in the rest two it was below that value. The range 
of variation was 110% of the mean whereas deviation was 53.20% 
of the mean. 
Mitosis: (1.44 ± 0.30)% 
The percentage of mitosis in PRs ranged from 
1.14 to 1.83 with the mean J.44 + 0.30%. In two individuals 
their percentage was above tne mean while in the rest three 
individuals it was below. The range of the variation was 
51.38% of the mean whilst deviation was one fifth of the mean 
percentage. 
(v) Five day old: (Table : 18) 
PRs (12.04 ± 1.19)% 
The percentage of these haemocytes under went 
negligible changes and varied from 10.62 to 13.52 with the 
mean 12.04 + 0.04%. In two individuals their percentage was 
above the mean and in the rest three individuals it was below 
that value. The range of variation was 24.08% and deviation 
was within the narrow range of the mean . 
PLs (33.68 ± 3.03)% 
The percentage of PLs decreased over that of 
four days old nymphs and varied from 30.14 to 38.02 showing 
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the mean 33.68 ± 3.03%. In or,ly two individuals their percent-
age was above the mean while in the rest three individuals it 
was below. The range of variation was 2 3.39% of the mean. 
The deviation (8.99%) from the mean was within the narrow 
range. 
GRS (3.18 ± 0.75)% 
The percentage of these haemocytes varied from 
2.39 to 4.34 with the mean 3.18 + 0.75%. In only one individu-
al their percentage was above the mean while in the rest four 
it was below that value. The range of variation was 61.32% of 
the mean while the deviation from the mean was less than one 
fourth of that value. 
CYs (3.45 ± 3.92)% 
The percentage of these cells increased and 
ranged from 1.91 to 11.11 with the mean 3.45 ± 3.92%. In only 
two individuals, their percentage was above the mean and in 
the rest three individuals it was below that value. However, 
the range of variation was 266% of the mean and deviation was 
more than its mean percentage. 
OEs (30.4 ± 2.33)% 
The percentage of OEs was lower as compared to 
that of preceding age and ranged from 27.60 to 35.26% with the 
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mean 30.14+2,33%. In only two individuals, the percentage of 
these haemocytes was above the mean and in the other three it 
was below that value. The variation was 25.19% of the mean and 
deviation from the mean was within its narrow range. 
ADs (14.5 + 3.85)% 
These cells increased in number as compared to 
preceding age and ranged from 11.11 to 19.19 percent with the 
mean 14.51 ± 3.85%. In only two individuals their percentage 
was above the mean while in the rest three individuals it was 
below. The variation was 55.72% from the mean and deviation 
was a little less than one fourth of the mean. 
Mitosis; (2.10 ± 0.67)% 
The percentage of stages in mitosis in PRs 
increased and varied from 0.96 to 2.67 with the mean 2.10 ± 
0.67%. However, in three individuals their percentage was 
above the mean while in others it was below. 
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AGE/DAY 
Changes in the relative percentages 
prohaemocytes and plasmatocytes in fourth 
instar nymphs of N.cineria 
Males 
(i) One day old: (Table : 19) 
PRs (25.71 ± :).16)% 
One fourth of the total population of the 
haemocytes was composed of these cells which were double to 
that of similar haemocytes in the nymphal stages. The percent-
age varied from 22.16. to 29.14 with the mean 25.71 + 3.16%. 
The increase was instant after ecdysis. In only three 
individuals their percentage was above the mean and in others 
it was below that value. How«^ iver, the variation was 2 7.14% of 
the mean and deviation was within the narrow range from the 
mean. 
PLs (65.67 ± 3.62)% 
These haemocytes also increased enormously 
following moulting to adult stage and ranged from 61.80 to 
70.61 per cent with the mean 65.67 + 3.62%. In only two 
individuals their percentage was above the mean and in others 
it was below. The variation was 13.41% of the mean which was 
little less than that of fourth instar nymphs stage. 
GRs (3.74 ± 0.75)% 
The percentage of GRs was not much changed 
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following moulting to this stage and ranged from 2.57 to 4.52 
with the mean 3.74 + 0.73%. In only two individuals, their 
percentage was above the mean and in others it was below that 
value. However, the range of variation was 52.13% of the mean 
and deviation was 2 0% from their mean percentage. 
CYs (1.03 + 1.03)% 
These haemocytes were rare and varied from zero 
to 1.03 per cent but these cells were absent in two of the 
five males. The range of variation and deviation from the 
mean were equal to the mean percentage. 
OEs (4.05 ± 0.48)% 
The population of the OEs depleted largely at 
this stage and very little number of these haemocytes were 
seen. However their percentage ranged from 3.53 to 4.5-1 with 
the mean 4.05 + 0.48%. In three individuals their percentage 
was above the mean while in the rest two it was below that 
value. The variation was 24.93% of the mean but deviation 
from the mean was 11.83%. 
ADs (Absent) 
These cells were not observed. 
Mitosis; (Absent) 
169 
(ii) Two day old; (Table : 19) 
PRs (21.75 ± 3.74)% 
The mean percentage of these cells varied from 
16.12 to 25.98 with the mean 21.75 + 3.74%. In two individuals 
their percentage was above the mean and in others it was below 
that value. However, the variation was 45.33% of the mean. 
The deviation from the mean was about one sixth of the mean . 
PLS (64.24 ± 2.95)% 
These cells were also decreased and varied from 
60.36 to 68.66 per cent with the mean 64.24 + 2.95%. In only 
two individuals their percentage was above the mean while in 
other three it was below that value. The variation was little 
less than that of one day old males. The range of variation 
was 12.92% of the mean whereas deviation was l/20th (4.5%) 
from the mean. 
GRs (9.21 ± 2.70)% 
These ce]Is showed increase over that of 
preceding age and their percentage varied from 4.41 to 10.9 5 
with the mean 9.21 + 2.70%. In one individual, the percentage 
was above the mean while in four individuals, it was below 
that value. The range of variation was more than that of one 
day old males. However, the range of variation was 71% of the 
170 
mean and d e v i a t i o n was .l/3rd of t h a t v a l u e . 
CYs (0.4 ± 0.4)% 
These cells became still rare and in two 
individuals Cys were absent whereas in other three individu-
als these were negligible, showing only one cell in each 
smear. 
OEs (3.09 ± 0.53)% 
The number of these haemocytes further dropped 
and varied from 2.3 2 to 3.60 per cent with the mean 3.09 ± 
0.5 3.% The range of variation was 82% of the mean and 
deviation was (17.15%) l/5th of the mean. 
• 
ADs (Absent) 
These haemocytes were not seen in any of the 
five smears of samples of this age. 
Mitosis; (0.25 + 0.25)% 
One or two mitotically dividing PLs were 
observed in each haemolymph Tmear. 
(iii) Three day old: (Table : 19) 
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PRS (18.33 ± 2.40)% 
The percentage of PRs declined as compared to 
that of preceding age and varied from 15.20 to 20.37 with the 
mean 18.33 + 2.40%. The range of variation was 28.20% of the 
mean and deviation was l/7th (13.09%) from it. 
PLs (61.97 + 5.41)% 
In three individuals the percentage of these 
cells was above the mean while in other two it was below that 
value. The variation was from 56.81 to 70.04 per cent which 
was 21.34% of the mean whereas deviation was i/llth of the 
mean. 
GRs (0.25 ± 0.25)% 
These haemocytes were absent in two individuals 
but in others only one GRs was seen in each preparation. 
CYs (0.5 ± 0.49)% 
These cells were very few in number and their 
percentage varied from one to two in each preparation. 
OEs (Absent) 
ADs (Absent) 
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Mitosis; (0.5 + n.4)% 
The stages of mitosis were seen as one to two 
in only three smears. 
(v) Four day old; (Table ; 19) 
PRs (8.57 ± 1.13)% 
The population of PRs decreased abruptly and 
their percentage was reduced to less than one half of that of 
three day old males. It varied from 7.09 to 10.49 per cent 
with the mean 8.57 + 1,13 per cent. The variation was also 
reduced accordingly and its range was 39.67% of the mean, 
whereas deviation was l/7th of the mean (13.18%). 
PLs (61.97 + 5.41)% 
These haemocytes declined in number and their 
percentage varied from 55.42 to 64. The range of variation 
was 13.84% of the mean 61.97 ± 5.41% but deviation was 1/llth 
(8%) from the mean. 
GRs (7.34 ± 0.7)% 
These cells increased to approximately double 
the percentage in three day old males and varied from 6.62 to 
8.24 per cent with the mean 7.3 4 ± 0.7%. The range of 
variation also increased as compared to that in three day old 
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males. Only in two individuals their percentage was above the 
mean whilst in others it was less than that. 
CYs (Absent) 
OEs (3.7 ± 0.78)% 
These haemocytes varied from 2,74 to 4,78 per 
cent with the mean 3.7 + 0.78%. Their number was equal to that 
in one or two day old males. The deviation from the mean was 
about one fifth of the mean and variation became 55.13% of 
that value. 
ADs (Absent) 
Mitosis; (0.48 ± 0.0000) 
One or two mitotically dividing PRs were 
present in each individual. 
(v) Five day old; (Table : 19) 
PRs (19.37 + 2.94)% 
The percentage of PRs showed marked increase in 
this age, which was equal to that in one to three days old 
males. It varied from 14.70 to 22.27 per cent with the mean 
19.37 + 2.94%. In three individuals the percentage was above 
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the mean whilst in two males it was below the mean. The range 
of variation was 39.08% of the mean and deviation was slightly 
more than one seventh of the mean. 
PLs (68.64 + 2.13)% 
The PLs decreased in population in comparison 
to four day old males but retained higher mean percentage than 
in one to three days old males. It varied from 66.9 to 72.05 
per cent with the mean 68.64 + 2.13% . In only two individuals 
their percentage was above the mean. The deviation from the 
mean was 1/32 times of the mean i.e. almost negligible and 
variation was also low i.e. 7.5% of the mean. 
GRs (7.10 + 1.30)% 
The mean percentage of these cells remained 
unchanged and equal to that in four day old males. It varied 
from 5.94 to 9.22 per cent with the mean 7.10 ± 1.30%. In only 
one individual their percentage was above the mean while in 
others it was below that value. However, the variation was 
less than half (46.19%) of the mean and deviation was a little 
over l/6th of the mean. 
CYs (0.77 ± 0.74)% 
These cells were absent in one of the five 
preparations. In other smears, one or two cells per smear 
1.7 5 
were observed. The mean percfmtage of these haemocytes was 
0.77 ± 0.74% and deviation from the mean was approximately 
equal to the later value. 
OEs (3.60 ± 0.57)% 
The mean percentage of these haemocytes was 
equal to that of four day old males (3.60 + 0.57)%. In only 
two individuals their percentage was above the mean whereas in 
others it was below that. The deviation was approximately 
l/6th of the mean. 
ADs (Absent) 
Mitosis: (0.6 ± 0.5)% 
One dividing cell was observed in each smear. 
(vi) Six day old; (Table : 19) 
PRs (19.07 ± 2.59)% 
The mean percentage of these cells was lower 
than that in one day old males. These varied from 15.05 to 
21.50 per cent with the mean 19.07+2.59. In three 
individuals their percentage was above the mean and in others 
it was below that value. However, the variation was less than 
that in one day old males and the deviation from the mean was 
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about one tenth of the mean. 
PLs (72.57 + 4.67)% 
The mean percentage of the PLs was higher than 
that of one day old males. It varied from 67.50 to 79.56% 
with the mean 72.57 + 4.67%. In only two individuals their 
percentage was above the mean while in the rest it was below 
that value. The deviation from the mean was, however, about 
one sixteenth of the mean i.e. almost negligible. 
GRS (5.44 ± 0.85)% 
The mean percentage of these haemocytes showed 
increase over that of the one day old males and it varied from 
4.30 to 6.30 per cent with the mean 5.44 + 0.85%. In only two 
individuals their percentage was above the mean. The devia-
tion from the mean was slightly less than one sixth of the 
mean. 
CYs (0.20 ± 0.20)% 
These haeirocytes were completely absent in 
three individuals and in other two males, only one cell was 
seem in each with the mean percentage 0.2 0 ± 0.2 0 The 
deviation was equal to the mean . 
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prohaemocytes and plasmatocytes in 
male N. cineria 
OEs (2.70 ± 1.33)% 
These haemocytes were very few and varied from 
0.53 to 4.00 per cent with the mean 2.70 + 1.33%. In three 
individuals their percentage was above the mean and in other 
two males it was less than that value. However, the deviation 
from the mean was about fifty per cent of the mean, which may 
be treated as significant. 
ADs (Absent) 
Mitosis: (Absent) 
Females (Table : 2 0) 
(i) One day old: 
PRs (24.86 ± 3.11)% 
The mean percentage of PRs in one day old 
females was higher than that of the nymphal stages. These 
cells varied from 21.39 to 28.36 per cent with the mean 24.86 
+ 3.11%. In three individuals their percentage was above the 
mean and in other two individuals it was below that value. 
The range of variation was 28.03% of the mean whereas the 
deviation from the mean was about l/8th of the mean i.e. very 
low. 
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PL,S (7 0.63 ± 6.3)% 
The bulk of the haemocytes population was that 
of PLs which ranged from 67.3 0 to 7 3.91 per cent with the mean 
70.63 ± 6.3 per cent. In only two individuals the percentage 
was above the mean whereas, in other three females it was 
below that value. However, the range of variation was about 
1/llth of the mean which was less than that of one day old 
males. 
GRs (3.42 + 0.81)% 
These cells were only few in number which was 
almost equal to that of one day old males. It ranged from 
2.35 to 4.47 per cent with the mean 3.42 ± 0.81%. In only two 
individuals their percentage was above the mean . The 
deviation from the mean was about one fourth of that value, 
which may be treated as appreciable. 
CYs (0.29 ± 0.27)% 
These cells were absent in two females and the 
other three females had not more than one haemocyte in each 
preparation. The mean percentage was 0.29 + 0.27 showing 
almost the same deviation. 
OEs (0.29 ± 0.26)% 
These cells were also rarely seen and in three 
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smears only one cell was recorded whereas the other two smears 
were completely devoid of these cells. The mean percentage was 
0.29 + 0.26 showing almost equal deviation. 
ADs (Absent) 
Mitosis; (0.59 ± 0.21)% 
The stages of mitosis, like in one day old 
females, were rarely observed. Their mean percentage was 
(0.59 ± 0.21) . 
(ii) Two day old: (Table ; 20) 
PRs (22.87 ± 2.50)% 
The mean percentage of PRs was lower than that 
of one day old females but higher as compared to the percent-
age in the males of this age. Their percentage varied from 
20.39 to 26.29 with the mean 22.87 ± 2.50%. In only two 
individuals their percentage was above the mean whereas in 
others it was below that value. The deviation was about one 
tenth of the mean, which may be treated as small deviation. 
PLs (72.51 ± 2.41)% 
The mean percentage of PLs was slightly higher 
in two days old males. The percentage varied from 69.48 to 
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75.60 with the mean 72.51 + 2.41. In three individuals the 
percentage was above the mean and in others it was below that 
value. The variation range was about one twelfth of the mean 
whereas deviation from the mean was about one thirtieth of the 
mean, which may be regarded ss negligible value. 
GRs (4.01 ± 0.95)% 
These were increased than the preceding age and 
their percentage varied from 2.92 to 5.47 with the mean 4.01 
+ 0.95. In only tV\?o individuals their percentage was above 
the mean and in others it was below that value. However, the 
range of variation was 63.59% of the mean. The deviation from 
the mean was less than one fourth, 23.69%. 
CYs (0.29 ± 0.27)% 
The mean percentage of these cells did not 
change and in three individuals CYs were only one, whereas in 
other two individuals no such cell was seen. 
OEs (0.29 ± 0.27)% 
In four out of five individuals these cells 
were absent and deviation was approximately same as the mean 
(0.29 ± 0.27) . 
ADs (Absent) 
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Mitosis; (Absent) 
(iii) Three dav old: (Table : 20) 
PRS (19.82 ± 4.00)% 
The percentage of PRs further decreased in this 
age but it was still higher than that of the three day old 
males. The percentage varied from 16.04 to 25.47 with the 
mean 19.82 + 4.00%. In only two individuals their percentage 
was above the mean while in other three females it was below 
that Value. However, the variation was over l/7th mean 
(16.68%) and deviation from the mean was about one fifth of 
the mean, which may be treated as significant. 
PLS (77,33 ± 5.34)% 
The mean percentage of PLs was higher than that 
of the three day old males. Their percentage varied from 7 0.75 
to 82.88 with the mean 77.33 + 5.34% In three individuals 
their percentage was above the mean whilst in other two it was 
below that value. However, the variation was over one seventh 
(15%) of the mean and deviation was very low i.e. one 
seventeenth or 6.90% of the mean. 
GRs (2.24 + 1.36)% 
The percentage of granular haemocytes in this 
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age decreased to half ot their percentage in two day old 
females but it was still mor-; than that of the three days old 
jnales. It varied from 0,53 to 3^92 per cent with the mean 2.24 
± 1.3 6%. However, the variation was mere than the mean and 
deviation from the mean was over half f60.7l%) of the mean. 
CXs (0.19 + 0.25)% 
These haemocytifs were rare and in only two of 
the five smears, one cell each was found. Thus their mean 
percentage was 0.19 + 0.25. However, the deviation from the 
mean was more than that of the mean. 
OEs (0.39 ± 0.22)% 
These haemocytes were also rare and one of the 
five smears was devoid of such cell. Their mean percentage 
was 0.39 + 0.22 and deviation was slightly less than that of 
the mean. 
/ 
ADs (Absent) 
Mitosis; (Absent) 
(iy) Four day old: (Table : 20} 
.84 
PRs (24.86 + 3.11)% 
On fourth day following emergence the percent-
age of PRs was increased, which was more than that in four 
days old males and it varied from 21.39 to 28.36 percent with 
mean 24.86 + 3.11%. In three individuals their percentage was 
above the mean while in other two females it was below that 
value. However, the variation was, over one 
fourth (28.03%) and deviation was over one third (36.21%) of 
the mean. 
PLs (70.63 ± 2.66)% 
The percentage of these haemocytes gradually 
increased up to three days after emergence but decreased on 
the fourth day when it was even lower than that in four days 
old males. Their percentage varied from 67.30 to 73.31 with 
the mean 70.63 ± 2.66 percent. In only two individuals their 
percentage was above the mean whereas in other three females 
it was below that value. However, the variation was very low 
(8.5%). The deviation was negligible i.e. 3.75% of the mean. 
GRs (3.42 + 0.80)% 
These haemocytes which were decreasing gradual-
ly up to three days after emergence, also increased on 
fourth day. Their percentage varied from 2.3 5 to 4.4 7 with 
the mean 3.42 ± 0.80. In only two individuals their percentage 
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was above the mean and in other three individuals it was below 
that value. 
CYs (0.29 ± 0.26)% 
These cells were rare and in four preparations 
only one haemocyte in each smear was found whereas in the 
remaining one smear such cells were completely absent. The 
deviation from the mean was like that of the mean. 
OEs (0.20 + 0.27)% 
These cells were also rare and smears from 
three individuals did not show any such cell while in other 
two preparations, not more than one OEs in each smear was 
present. 
ADs (Absent) 
Mitosis: (0.58 ± 0.21)% 
The mitotic stages varied from 0.47 to 0.96 
percent with the mean 0.58 + 0.21 per cent. In only one 
individual their percentage was above the mean while in other 
four individuals it was below the that value. The deviation 
from the mean was about one third of the mear. 
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(V) Five day old; (Table : 2.0) 
PRs (19.13 ± 1.52)% 
The mean percentage of PRs was less than that 
of the four days old females but equal to that of five day old 
males. Their percentage varied from 17.29 to 21.05 with the 
mean 19.13 + 1.52%. In three preparations, their percentage 
was above the mean whereas, in other two it was below that 
value. The deviation from the mean was about one twelfth of 
the mean. So it may be taken as small change. 
PLs (60.86 ± 4.5)% 
The percentage of these cells further decreased 
in this age and varied from 55.63 to 64.13 with the mean 60.86 
+ 4.50%. In three smears, their percentage was above the mean 
and in others it was below that value. However, the range of 
variation was 13.96% of the mean. The deviation was more than 
one thirteenth (7.39%) of the mean. Therefore such change may 
not be treated as significant. 
GRs (3.37 + 0.85)% 
The mean percentage of GRs was approximately 
equal to that of four days old females but less than that of 
five days old males. The percentage varied from 2.50 to 4.64 
with the mean 3.37 + 0.85%. In only two individuals their 
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percentage was above the mean whereas in other three individu-
als it was below that value. However, the variation was 63.5% 
of the mean and deviation was one fourth of the mean, which 
may be treated as significant. 
CYs (0.25 + 0.22)% 
These cells were absent m two smears and only 
one cystocyte was found in each of other three preparations. 
The deviation was almost equal to that of the mean, thus 
showing significant change. 
OEs (Absent) 
ADs (Absent) 
Mitosis: (16.37 ± 3.22)% 
The stages of mitosis increased abruptly and 
ranged from 14.58 to 18.95% with the mean 16.37 ± 3.22. In 
only two smears their percentage was above the mean and in 
other three it was below that value. 
(iv) Six day old (Table : 20) 
PRs (18.50 ± 3.81)% 
The PRs ranged from 14.47 to 24.03 per cent 
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with the mean 18.50 + 3.81 per cent. The mean percentage was 
lower than that of the five days old females. In only two 
females their percentage was above the mean and in others the 
percentage was below the mean . The range of variation was 
more than half of the mean but deviation was about one fifth 
of the mean, which may be significant. 
PLs (78.59 ± 4.87)% 
The mean percentage of PLs increased in this 
age and varied from 72.11 to 82.47 per cent with the mean 
78.59 + 4.87%. However, the variation was more than one 
seventh times of the mean. But the deviation from the mean 
was more than one sixteenth times of the mean. Such a change 
may be considered under low range . 
GRs (0.5+0.45)% 
The percentage of these haemocytes was depleted 
very much. In two preparations, these cells were completely 
absent; in other three individuals, only one haemocyte was 
found in each smear. The deviation from the mean was about 
the same. Therefore such change is significant. 
CYs (0.40 ± 0.22)% 
These cells were rare. One such haemocyte was 
recorded in each of the four smears whereas in one smear these 
189 
cells were absent. 
OEs (Absent) 
ADs (Absent) 
Mitosis; (Absent) 
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Histogramme 8. Changes in the mean percentages of 
d i f fe rent types of haemocy tes in female 
N. cineria 
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Log graph 8. Changes in the relative percentages of 
prohoemocytes and plastocytes in female 
N. cineria 
IV. 5 LOCALIZATION OF GLYCOGEN IN THE HAEMOCYTES 
The presence of glycogen was determined in the 
cytoplasm of all types of haemocytes except PRs in adult N. 
cinerea and L^ varicornis though, with a difference in the 
number of PAS positive granules in the two species as well as 
among the different types of the haemocytes in the same 
species. In the third and fourth instar nymphs of both the 
species, very few PLs contained glycogen.(Plate XIV and XV). 
A. Leptocorisa varicornis (Plate XIV) 
(i) Third Instar Nymphs. 
None of the haemocyte was PAS positive, 
(ii) Fourth Instar Nymphs. 
PAS Positive granules were absent in the 
cytoplasm of the haemocytes of the nymphs of this stage. 
Fifth Instar Nymphs. 
PAS positive granules were absent during two 
days after moulting but 1 to 3 granules were observed in a 
few round and spindle shaped PLs as well as in the CYs during 
the next three days. ADs, OEs, oval PLs and GRs were devoid of 
PAS positive granules. (Table: 21) . 
Male; 
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One day old; 
Round, oval and spindle shaped PLs contained 1 
or 2 glycogen granules, whereas GRs and CYs had 2 to 3 
glycogen granules. Whereas irregularly shaped haemocytes had 
3 to 4 granules and ADs had the highest concentration of 
glycogen, ie 5-8 granules in each the cytoplasm of each cell 
(Table: 21). 
Two day old: 
The number of glycogen granules increased to 
two to six in GRs and eight to ten in ADs whereas in all 
shapes of PLs and OEs the maximum number of glycogen granules 
were one and it enhanced to two to three in all PLs but three 
to four in OEs (Table: 21). 
Three days old: 
Round shaped and spindle shaped PLs as well as 
GRs retained the same number of glycogen granules as seen in 
two day old males but there was increase of one in the former 
type and two in the latter type of haemocytes. Moreover, ADs, 
CYs and irregular haemocytes contained the same number of 
glycogen granules as seen in two day old males but the number 
of glycogen granules in OEs increased from four to eight. 
However, ADs still retained the highest number of glycogen 
granules. (Table: 21). 
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Four day old; 
Significant changes were noted in four day old 
males. There was a marked increase in the number of glycogen 
granules in PLs (round, oval and irregularly shaped) GRs and 
OEs which had four to eight, five to ten, three to six, five 
to eight and eight to ten granules, respectively. The spindle 
shaped PLs and CYs retained the same number of granules 
occurring in them in two and three day old adult, but the 
number of granules in spindle shaped PLs was slightly higher 
in four day old than in three day old males. (Table: 21). 
Five day old; 
There was much increase in the number of 
glycogen granules in the cytoplasm of all types of haemocytes 
except CYs that retained two to three granules in one to six 
day old males. 
The observed ranges of variations in the number 
of granules were five to nine in round PLs, ten to fifteen in 
oval PLs, four to six in spindle shaped PLs, three to eight in 
GRs, eight to ten in GRs, eight to twelve in OEs and ten to 
fifteen in ADs (Table: 21). 
Six day old: 
ADs,GRs and round PLs had still remarkably 
higher inclusion of glycogen granules which ranged from twenty 
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to twenty five in the GRs and ADs and ten to fifteen in the 
PLs. However, OEs had comparatively lower number of granules 
which ranged from twelve to fifteen. (Table: 21). 
Female; 
In the females marked increase in the concen-
tration of glycogen granules was observed three days after 
emergence. The range of variation in all types of haemocytes 
up to three days after ecdysis was almost similar to that of 
the males. 
Six day old females had much higher number of 
glycogen granules in the OEs and GRs, ranging from eighteen to 
twenty and twenty to twenty five, respectively. 
The ADs and GRs had 20 to 25 granules in each 
type of cells followed by OEs round oval, irregular and 
spindle shaped PLs and CYs. 
One dav old; 
The females of this age had slightly higher 
concentration of glycogen granules than that of the males of 
corresponding age. The variation in the number of glycogen 
granules ranged from two to three in round and spindle shaped 
PLs as well as in CYs. Two to four such granules were 
recorded in irregular PLs and GRs. The ADs had the highest 
concentration and the number of granules varied from five to 
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seven. The OEs contained three to four granules in their 
cytoplasm. (Table : 21) 
Two day old; 
The irregular PLs and CYs contained similar 
number of granules like those of one day old females. A 
little higher number of granules was observed in round and 
oval PLs,GRs and ADs comprising two to four, three to four, 
three to five, and seven to nine respectively. The OEs 
contained four to eight granules which were apparently much 
higher than those of one day old ones. (Table : 21) 
Three days old; 
A gradual change towards higher concentration 
of glycogen was observed in all the types of haemocytes, but 
the maximum number of granules remained unchanged in spindle 
shaped PLs and CYs. An addition of atleast one granule in 
each density was observed in oval and irregular PLs, GRs and 
OEs. This ranged from two to five, four to six, five to 
seven, eight to ten and nine to ten respectively. (Table : 21) 
Four days old; 
Comparatively there was more increase in the 
glycogen granules in all types of haemocytes with the excep-
tion of ADs,CYs and spindle shaped PLs which contained nine to 
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ten, two to three and three to four granules respectively. The 
round and irregular PLs,GRs and OEs had slightly higher 
concentrations. The recorded range were, five to nine, six to 
eight, eight to ten and ten to twelve granules respectively. 
Much higher concentration (5-10 granules) was recorded in oval 
PLs. (Table ; 21) 
Five day old: 
An instant and abrupt increase was seen in the 
concentration of glycogen granules in all haemocytes except in 
oval PLs and CYs which had five to ten and two to three 
granules like those of four days old females. The round, 
spindle shaped and irregular , PLs, GRs, OEs and ADs had ten 
to twelve, four to six, eight to ten, twenty to twenty five, 
eighteen to twenty and twenty to twenty five granules respec-
tively. (Table : 21). 
Six days old; 
In these females the haemocytes contained 
glycogen granules similar to four days old females. The 
CYs,OEs as well as and spindle shaped PLs, GRs and ADs 
had no change in the number of such granules whereas in round 
and oval PLs increase in the number of glycogen granules was 
observed ranging from 10 to 15 granules in both types of 
haemocytes. (Table : 21). 
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B. Nepa cineria (Plate XV) 
(i) Third Instar Nymphs; 
In all types of haemocytes the granules were 
PAS negative. (Table : 22). 
Fourth Instar Nvmphs; 
Both four and five days old nymphs contained 
one or two PAS positive granules, occasionally 2-3 granules, 
in some of the oenocytoids whereas PRs, round as well as 
spindle shaped PLs,CYs and GRs were completely devoid of 
glycogen granules. ADs were absent in the fourth instar 
nymphs. (Table : 22). 
Males; 
A marked difference in the concentrations of 
glycogen granules was recorded. Up to three days after 
emergence such granules were very little but increased rapidly 
in the next three days. 
One day old; 
The number of glycogen granules ranged from one 
to two in all the PLs, two to four in OEs as well as in GRs 
and two to three in CYs which was similar to that of one day 
old males of Ij^ varicornis. (Table :22). 
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Two day old; 
One to three g'iycogen granules were observed in 
PLs and two granules in CYs while OEs and GRs contained the 
same number as in one day old males. (Table ; 22). 
Three day old; 
The number of glycogen granules increased to 
four to ten in GRs but PLs, OEs and CYs retained the same 
number of granules occurring in those of one day old adults. 
Four day old; 
By the fourth day, there was an instantaneous 
increase in the number of glycogen granules which were six to 
seven in PLs and OEs and eight to one in the oval PLs. 
However, PLs (irregular and spindle shaped) GRs and CYs had 
unchanged number as compared to three day old insects. 
(Table : 22). 
Five day old; 
In five days old males, the number of glycogen 
granules in OEs, Irregular as well as oval shaped PLs was 
unchanged while the number of these granules increased by one 
in GRs and spindle shaped PLs. But th€» round PLs had 10-12 
granules. (Table ; 22) . 
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six day old; 
The six day old males contained much higher 
number of granules in almost all types of cells. The granules 
ranged from ten to fifteen in round PLs, eight to eleven in 
oval PLs, eight to ten in irregular PLs, ten to fifteen in GRs 
and OEs. Whereas, CYs and spindle shaped PLs had no change. 
The ADs were absent in the males of this age. (Table : 22). 
Females; 
One day old; 
One day old females contained higher number of 
granules in round PLs than in one day old males. The rest of 
the types of haemocytes had the same number of granules in 
both sexes except in OEs which were either absent or occurred 
in negligible number in the females. (Table : 22). 
Two day old; 
The number of glycogen granules in the haemocy-
tes of two day old females was significantly higher in the 
oval PLs (10 to 14 granules) . The round and spindle shaped 
PLs had 2 to 4 granules while the GRs had 4 to 6. But CYs 
contained almost the same number of granules as in the 
males of six days age. (Table : 22). 
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Three day old; 
The change in the density of the glycogen 
granules in three day old males was evidently higher in oval 
PLs and GRs as compared to that of two day old females. But, 
when compared to contemporary three day old males, the GRs had 
four to ten granules like that of the males and ten to sixteen 
in oval shaped PLs which was significantly higher. The round 
shaped PLs, spindle shaped PLs and CYs had either unchanged 
number or the same number of glycogen granules as was in two 
day old females. (Table : 22). 
Four days old: 
In four day old females the granules density 
increased still higher in oval PLs and GRs, ranging from ten 
to twenty and ten to fifteen respectively. This is much 
higher than in four day old males. Round PLs, spindle shaped 
PLs, irregular PLs and CYs had almost the same number of 
granules as in those of three day old females. (Table : 22). 
Five day old: 
In five day old females, the round PLs and GRs 
contained still higher number of glycogen granules i.e. eight 
to ten in the former and fifteen to twenty in the latter type. 
Similarly in the irregular haemocytes those granules increased 
and ranged from two to five. The oval and spindle shaped PLs 
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had almost the same number or" glycogen granules as found in 
four days old females. (Table : 22). 
Six day old; 
In six day old females the number of granules 
increased further and ranged from four to fifteen in round PLs 
and one to five in CYs whereas oval, spindle and irregular 
shaped PLs as well as GRs had granules ranging from eight to 
twenty, two to five, one to three and seventeen to twenty 
respectively. The six day old females contained higher 
population of glycogen granules in oval PLs and GRs than that 
of contemporary males. However, population of glycogen 
granules in irregular haemocytes was very little. 
Both ADs and OEs were absent in the females. 
Generally the haemocytes in the females had higher concentra-
tion of glycogen granules than those in the males. The GRs 
had the highest concentration followed by oval PLs, 
OEs, round PLs, irregular haemocytes and CYs in descending 
order. (Table : 22). 
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IV. 6 LOCALIZATION OF LIPIDS IN THE HAEMOCYTES 
Difference in the density of fat droplets with 
variable size and number was seen in the haemocytes of both in 
the nymphs and in the adults. The haemocytes of nymphs 
contained higher number of fat droplets which were bigger in 
size as compared to the lipid droplets in the haemocytes of 
adults. (Plate XVI and XVII) 
A. Leptocorisa varicornis: (Plate XVI) 
Nymphs; 
The nymphs of early age (1-3 day) had slightly 
higher concentration of fat in the cytoplasm of the 
haemocytes. The PRs contained comparatively smaller globules 
and the number was confined to one globule in each haemocyte. 
A few round and oval PLs contained two to three 
lipid globules and these were comparatively larger in size 
than those found in PRs. CYs contained two or three such 
droplets in their cytoplasm which were almost equal in size to 
those found in PLs. The GRs had somewhat more lipid droplets 
in their cytoplasm. The occasional oozing out of lipids from 
a droplet at one place made the cell irregular in shape. 
Evidently, the number and size of the droplets were larger in 
the granular haemocytes than in the PLs (Table: 23). 
2 05 
The OEs contained three or more lipid droplets 
in their scanty darkly stained cytoplasm. This indicated a 
higher quantity of lipid in these types of cells than either 
PLs or GRs in 4th instar nymphs. 
The ADs had compact globules of lipids in the 
cytoplasm and vacuoles were around their nuclei. Consequently, 
the cytoplasm becomes scanty and can be seen in the form of a 
network. Generally scanty cytoplasm is due to the 
accumulation of fat globules that occupied almost all 
cytoplasm. ADs contained the highest concentration of lipids 
among all types of haemocytes of L^ varicornis. nymphs. 
(Table : 23). 
After emergence of adults there was a 
significant decrease in the lipid concentration in all types 
of haemocytes. (Table : 23). 
Males; 
In adults the lipid contents of haemocytes 
declined considerably and only very small lipid droplets were 
observed. 
The PRs contained lipids from the first day 
following emergence but the concentration gradually decreased 
in day after day. Consequently it completely disappeared in 
these cells by the fifth emergence day. The PLs, GRs, CYs and 
OEs lost their lipid contents but gradually between the first 
206 
and fifth day. Most of the haemocytes were having lipids in 
smaller concentrations, even very few haemocytes contained no 
lipids at all or occasionally one droplet in each haemocytes. 
However, the ADs continued to accumulate the highest amount of 
lipids though it was less than that in the nymphs. (Table: 23) . 
Females; 
In the females similar to that in the males, 
each PRs contained one small lipid droplet. But GRs and OEs 
also had low quantity of lipids ie two droplets in each cell 
as compared to the male of the same age, which further 
decreased with advancing age. On the fifth day following 
emergence most of the GRs and OEs were either completely 
devoid of lipids or occasionally a single droplet was found in 
each cell. (Table : 23). 
The PLs and ADs had almost similar number of 
lipid droplets as in the males of the same age. However, both 
types of cells suffered loss in their lipid contents with 
advancing age but the loss was slower than that of the males. 
(Table : 23). 
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B. Nepa cineria (Plate XVII) 
The lipid contents in the haemocytes of N. 
cinerea were identified as less variable and in smaller 
droplets than observed in the haemocytes of L^ varicornis. 
The droplets were seen in the cytoplasm of all types of 
haemocytes. Their size varied from less than one micron to one 
and half micron. 
Fourth Instar Nymphs; 
The PRs had one or two droplets in their 
cytoplasm but the lipid concentration was lower than that of 
the PRs of LJ. varicornis owing to smaller size of the 
droplets. 
The PLs and GRs contained two to three whereas 
CYs and OEs had three to four droplets in each cell, which 
were slightly shorter in size than in the CYs and OEs of L. 
varicornis. The ADs in all nymphs usually contained four to 
eight droplets and formed cluster with vacuoles. However, the 
droplets were shorter in size as compared to that of the ADs 
of L^ varicornis. (Table: 24). 
The lipid contents of the haemocytes dropped 
leading to far less number of droplets. Further, ADs, the rnain 
lipid containing cells disappeared from the haemolymph in 
emerged males. (Table : 24). 
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Males; 
The PRs were completely devoid of lipids. The 
PLs also suffered major loss of lipid contents. These cells 
had only one droplet or no droplet. The GRs, CYs and OEs were 
found to have two to three droplets only in each type of these 
cells. With the advancing age, (up to five days) most of 
these cells lost their lipid contents and very few haemocytes 
occasionally retained one or two droplets. (Table: 24). 
Females: 
The PRs contained one or no droplet in their 
cytoplasm.The PLs contained two to three droplets which were 
reduced to one or none in the females of advancing age (up to 
five days) . The GRs and CYs showed rapid decline in their 
lipid contents soon after emergence and had only one or two 
droplets. The haemocytes further suffered loss of lipid 
contents and on fifth day following emergence very few CYs and 
GRs contained one or two droplets, otherwise most of the 
haemocytes were completely devoid of lipids. (Table : 24). 
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IV. 7 LOCALIZATION OF TOTAL PROTEINS IN THE HAEMOCYTES 
A. Leptocorisa varicornis: (Plate XVIII) 
Occurrence of total proteins was studied only 
qualitatively by staining with bromophenol which stained 
homogeneously blue both in the cytoplasm and in the nucleus, 
usually intensely in the nucleus. 
On the basis of the qualitative comparison of 
the deep and light colour reactions, index of protein 
concentration was known. Thus the PRs in the haemolymph of 
nymphs had higher concentration of proteins than in the PLs. 
But GRs and OEs had higher concentrations. 
The CYs, stained darkest indicating the highest 
concentration of proteins in these cells as compared to other 
haemocytes. The ADs had lower concentration of proteins. The 
area of protein localization in ADs was reduced due to the 
presence of lipid droplets around the nucleus. 
Males; 
Following emergence up to to 3 days strength of 
proteins around the nucleus in the cytoplasm increased. Hence 
in five day old males, the CYs and GRs contained higher 
concentration of proteins than that of four day old. 
In the PRs, PLs and OEs concentration of 
proteins remained unaffected with age. (Plate XVIII). 
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In ADs concentration of the total proteins was 
stronger (Plate XVII) as compared to that of PLs but it was 
less than thctt of the CYs and GRs. 
Females; 
In the females, a rapid increase was observed 
in the concentration of total proteins in GRs and CYs three 
days after emergence. But PRs, PLs and OEs under-went no 
change in the concentration of proteins . Further, these 
cells had higher concentration of proteins as compared to the 
haemocytes of the males (PRs). The PLs and OEs had similar 
concentrations of proteins in like those of the males. 
Further, on the fourth day after emergence total proteins 
concentration dec]ined. 
B. Nepa cineria (Plate XIX) 
The homogenous blue colour of the cytoplasm by 
staining with bromophenol showed uniform distribution of 
proteins in the cytoplasm of the haemocytes. Like L. 
varicornis. the concentration of total proteins was 
qualitatively identified on the basis of their strong and weak 
affinity to the stain. A qualitative comparison in the colour 
of stained cells gave difference among different types of 
haemocytes of different age and stages. 
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Nymphs; 
The light blue cytoplasm in PLs and dark blue 
in that of PRs showed comparatively lower and higher 
concentrations of proteins in the respective cells. The CYs 
and GRs accumulated more proteins in their cytoplasm than 
that of the PRs and the PLs. 
The OEs had moderate concentration that was 
more than that of the PRs and the PLs but less than that of 
the granular haemocytes and the cystocytes. 
Males; 
Up to three days after emergence, there was an 
abrupt increase in the concentration of proteins in all types 
of haemocytes. Like IJJ. varicornis. the PLs had low proteins 
concentration. The PRs contained more proteins than in the 
PLs. The GRs and the CYs were the main protein containing 
cells. The OEs had almost similar concentration of proteins as 
in the PRs. 
The ADs were absent in the males. In the males 
three days after emergence, the concentration of total 
proteins declined sharply in all type of the haemocytes. 
Females; 
Like the males, different concentrations of 
proteins, were observed in the PRs, PLs , the GRs and CYs. 
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The OEs and ADs were eventually absent. 
The PRs and PLs were similarly stained but the 
GRs and the CYs had higher concentrations than that of the PRs 
and the PLs. 
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IV. 8 CHANGES IN TOTAL HAEMOCYTE COUNTS (THC) AND DIFFERENTIAL 
HAEMOCYTE COUNTS (DHC) OF ADESMIA CANCELLATA FOLLOWING 
INOCULATION OF SPORES OF FUNGI 
The adults of A^ cancellata age (4 weeks old) were 
individually inoculated with spores of P^ digitatum, A. 
chlamydospora. Chlamydospora sp.. A. niaer. R. Oryzi and A^ citri. 
Thereafter, the changes in THC and DHC occurred at the time of 
coirunencement of phagocytosis (35 minutes post inoculation) upto 
the time it reached its optimum activity (55 minutes post 
inoculation) are described below. (Table : 25 and 26) . The THC and 
DHC were recorded at the interval of every five minutes up to 55 
minutes. 
A. THC (Table : 25) 
1 - Control (Untreated insects) 
The variation in the THC was less than half (44.92%) of the 
mean(6033 ± 794.510 that varied from 4500/mm to 7210/mm. 
2 - Effect of Pi. digitatum 
The THC varied from 11555/mm to 12655/mm and variation was 
less than one tenth (9.18%) of the mean (11974/mm ± 426.11) whereas 
deviation was 3.55% which was within narrow range of the mean. The 
mean THC increased as compared to the control from 6033/mm to 
11974/mm and addition was 98% . 
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3 - Effect of Aj. chlamydospora 
The THC ranged from 9115/inm to 10200/inin and variation was 
a little above one tenth (11.03%) of the mean (9831/mm + 433.6) and 
deviation was 4.41% i.e., within narrow range of the mean. This 
fungus also stimulated increase in haemocytes population. Thus the 
mean THC was higher than that of the control and the increase was 
62.95% of the control mean (6033/mm + 974.51/mm). 
4 - Effect of Trichoderma sp. 
The THC ranged from 7609/mm to 9970/mm and variation was a 
little above one fourth (26.78%) of the mean (8813.8/mm ± 1103.96) 
. However the increase in THC was 46% of that of the mean THC of 
the control (6033 + 974.51/mm), which was comparatively lower with 
respect to P^ digitatum and A^ chlamydospora. 
5 - Effect of Ajt. niqer. 
Following the inoculation of these fungal spores also the 
THC enhanced and varied from 10505/mm to 11200/mm. The variation 
was within narrow range (5.72%) of the mean (10934/mm + 267.80/mm). 
The mean THC was higher (81.23%) of that of control group (6033 + 
974.510)/mm. But the mean increase in the total haemocytes was 
81.23% over that of the control i.e. higher with respect to A. 
chlamydospora and Trichoderma sp. 
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6 - Effect of Rs. oryzae. 
These spores caused enhancement in the haemocytes number 
almost to the level by P^ diqitatum and it ranged from 11555/mm to 
13890/mm and variation was approximately one fifth (18.53%) of the 
mean (12141/mm ± 1519.48/mm). The mean THC was 101% more than that 
of the control (6033 ± 974.51)/mm. 
7 - Effect of A_i. citri 
Following the inoculation of the spores of this fungus, the 
variation in THC was from 10555/mm to 14550/mm i.e. 31.71% of the 
mean (12596/mm + 1581.34/mm). The mean THC was 108.78% more than 
that of the control, showing the highest response of the haemocytes 
to increase in number following inoculation of the spores of this 
fungus as compared to other fungi. 
B. DHC (Table : 26) 
The inoculation of the spores of different fungi also 
resulted in the changes of relative percentages of different 
haemocytes. 
Control. ( Untreated ) 
PRs; (15.5 + 5.5)% 
The variation of these cells was more than half (63.22%) and 
ranged from 20.6 per cent to 10.8 per cent. However, the deviation 
was more than one third (35.48%) of the mean (15.5 ± 5.5%). 
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PLs; (67.1 + 8.6)% 
The percentage of PLs ranged from 59.5 to 76.8 and variation 
was a little more than one fourth (25.78%) of the mean whereas the 
deviation was approximately one eighth (12.81%) of the mean. 
GRs; (6.8 ± 1.5)% 
These haemocytes varied from 4.5 per cent to 8.6 per cent and 
variation was more than half (60.29%) of the mean (6.8 ± 1.5%). 
CYs; (2.5 ± 1.5)% 
These cells were lowest in number and varied from 1.8 per 
cent to 3.1 per cent. The variation was a little over half (52%) of 
the mean (2.5 ± 1.5%). 
PES; (4.3 + 0.6)% 
These cells were also very few in number and their percentage 
ranged from 3.2 to 5.9 with a variation of more than half (62.79%) 
of the mean (4.3 + 0.6%). 
ADs: (4.4 ± 1.04)% 
Their percentage was almost like that of OEs that varied from 
2.2 to 6.2% . However , the variation was over nine tenth (90.91%) 
of the mean (4.4 + 1.04). 
1 - Effect of P^ diaitatum: 
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PRS. (17.5 ± 2.3) % 
These cells were second to PLs in population and increased 
by 12.9% over that of the control . Their percentage ranged from 
15.2 to 19.8 and the variation was a little over one fourth 
(26.28%) of the mean. 
PLs. (66.5 ± 9.6)% 
Although these cells were highest in population in the normal 
insects, following the inoculation of these spores their percentage 
did not increase. Instead their percentage dropped by 9.02% over 
that of control . These cells ranged from 67.4 to 76.5 . The 
variation was approximately one seventh (13.68%) of the mean. 
GRs. (6.3 ± 0.5) % 
These cells varied from 5.8 percent to 7.1 percent and 
variation was over one fifth (20.63%) of the mean (6.3 + 0.5%). As 
compared to control, their density also showed 7.85% fall. 
CYs. (2.0 + 1.09)% 
The percentage of these cells ranged from 1 to 5. However, 
the variation was twice (200%) than that of the mean (2.0 ± 1.09%) 
. In two experiments these cells were absent. Their mean percentage 
was lower (2%) than that in control . 
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OEs. (4.1 ± 0.4)% 
The percentage of these cells varied from 3.2 to 4.9 and 
variation was less than half (41.46%) of the mean. The mean 
percentage was 46.51% less than that in control. 
ADS. (4.1 ± 1.59)% 
These cell ranged from 2.1 per cent to 6.5 per cent and 
variation was more than one tenth (10.73%) of the mean. The mean 
percentage was more (6.81%) than that of the control . 
3 - Effect of A^ chlamydospora. 
PRs. (19.0 ± 4.0)% 
Their percentage ranged from 17.6 to 22.6 and variation was 
more than one fourth (26.31%) of the mean (19.0 ± 4.0%). The mean 
percentage of these cells increased by 22.58% as compared to 
control. 
PLs. (65 + 10.8)% 
The percentage of these cells varied from 63.5 to 7 6.2 and 
variation was less than one fifth (19.53%) of the mean (65 ± 
10.8%). However,the mean percentage of these cells became 3.23% 
less than that in the control , 
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GRs. (6.1 + 0.5)% 
The percentage of these cells wa^ also lower than that of the 
control and varied from 4.9 to 7.1 with a variation more than one 
third (36.06%) of the mean (6.1 ± 0.5%). The mean percentage was 
less (10.29%) than that in the control group. 
CYs. (2.2 + 1.09)% 
Their percentage was also lower than that of control and 
varied from 1 to 5 with a variation of less than two times 
(181.81%) of the mean (2.2 + 1.09%). The mean percentage was 12% 
than that in the control . 
PES. (4.8 ± 1.1)% 
These cells varied from 2.9 to 6.4 per cent and variation was 
less than three fourth (72.92%) of the mean (4.8 + 1.1%). The mean 
percentage of these haemocytes was, however, 11.62% higher than 
that of control. 
ADs. (3.4 + 0.49)% 
The percentage of these cells varied from 2.8 to 4.1 and 
variation was more than one third (38.23%) of the mean (3.4 + 
0.49%). The mean percentage was 22.72% less than that in the 
control . 
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4 - Effect of Trichoderma sp. 
PRs. (23.5 ± 2.5)% 
The percentage of these cells was more than that of control 
and varied from 2 0.9 to 2 6.4 . The variation was less than one 
fifth (23.40%) of the mean (23.5 ± 2.5%). The mean percentage of 
these haemocytes was more (51.61%) than that in the control . 
PLs. (60.5 ± 9.5)% 
These cells were fewer than that of the control insects and 
their percentage varied from 50.9 to 67.8 . However, the variation 
was more than one fourth (27.93%) of the mean (60.5 ± 9.5%). There 
was a fall of 9.83% in these haemocytes as compared to control. 
GRs. (5.8 ± 1.6)% 
Their percentage became lower (14.70%) than that of control 
and varied from 4.1 to 7.8 . The variation was more than half 
(63.79%) of the mean (5.8 + 1.6%). 
CYs. (2.3 ± 1.02)% 
The percentage of these cells varied from 1 to 5 . The 
variation was less than two times (173.91%) of the mean (2.3 ± 
1.02%). The mean percentage was 8% higher than that of the 
control. 
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OEs, (4.5 ± 1.02)% 
These cells varied from 1.9 to 6.1 per cent. The variation 
was less (93.33%) than the mean (4.5 + 1.02%). But there was an 
increase of 4.44% as compared to the mean of the control , 
ADs. (3.7 + 1.95)% 
The percentage of these cells varied from 1 to 6 . However, 
the variation was 135.13% than that of the mean (3.7 ± 1.95%). But 
the mean percentage was 15.90% less than that of the control. 
5 - Effect of A^ niqer 
PRs. (27.8 ± 6.5)% 
These cells varied from 20.5 to 32.4 per cent. However, the 
variation was less than half (42.80%) of the mean (27.8 + 6.5%). 
The mean percentage was 79% more than that of the control . 
PLs. (57.2 ± 2.3)% 
Their percentage dropped by 14.75% of the control and varied 
from 54.4 to 60.1 . The variation was less than one tenth (9.95%) 
of the mean (57.2 ± 2.3%). 
GRs. (4.7 + 4.2)% 
The percentage of these cells was also lower by 30.80% of 
the control and varied from 2.8 to 10.5 . However, the variation 
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was more than one and half times (163.82%) of the mean (4.7 + 
4.2%). 
CYS. (2.4 ± 2.3)% 
The percentage of these haemocytes varied from 1.9 to 6.2 
.However, the variation was less than twice (179.16%) of the mean 
(2.4 + 2.3%). The mean percentage dropped by 4% of the control . 
OEs. (4.2 ± 1.03)% 
Their percentage varied from 1.5 to 6.8 . The variation was 
more (126.19%) than the mean (4.2 + 1.03%). The mean percentage of 
these cells was also less (2.32%) than that in the control. 
ADs. (4.0 ± 1.05)% 
These cells varied from 3.2 to 5.9, whereas, the variation 
was more than half (67.5%) of the mean (4.0 + 1.05%). The mean 
percentage was, however 9.09% less than that in the control. 
6 - Effect of Rj_ oryzae 
PRs. (30.5 ± 3.5)% 
These cells increased by almost twice 96.77% that of control. 
The percentage varied from 28.1 to 32.5 and variation was 
approximately one seventh (14.42%) of the mean (30.5 + 3.5%), 
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PLS. (52.9 ± 6.5)% 
The percentage of these haemocytes dropped by 21.16% as 
compared to control and varied from 48.1 to 57.5. However, the 
variation was more than one sixth (17.76%) of the mean (52.9 + 
6.5%) . 
GRs. (4.2 ± 2.1)% 
Their percentage was also lower by 38.23% of the control and 
varied from 1.5 to 5.5 . However, the variation was a little less 
(95.23%) than the mean (4.2 ± 2.1). 
CYs. (2.9 ± 1.6)% 
The percentage of these cells varied from 1.2 to 4.5 and 
variation was more (113.29%) than the mean (2.9 + 1.6%). The mean 
percentage of these cells however increased by 16% of that of 
control. 
OEs. (3.9 ± 0.9)% 
The percentage of these haemocytes ranged from 2.8 to 4.1 and 
variation was one third (33.33%) of the mean (3.9 ± 0.9%). The mean 
percentage dropped by 9.30% of that in the control. 
ADs. (4.3 ± 1.5)% 
These cells varied from 2.8 percent to 6.2 per cent and 
variation was more than three fourth 79.06% of the mean (4.3 + 
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1.5%) . The mean percentage was 2.27% less than that in the control. 
7 -^  Effect of Ai citri 
PRS. (36.2 ± 7.8)% 
The percentage of these cells became 133.54% as compared to 
control and varied from 27.8 to 4 3.5 . However , the variation was 
less than half (43.37%) of the mean (36.2 + 7.8%). 
PLs. (40.8 ± 9.2)% 
Their percentage became lower by 39.19% as compared to 
control and varied from 35.4 to 47.6 . The variation was more than 
one fourth (29.90%) of the mean (40.8 ± 9.2%). 
GRs. (4.6 ± 1.9)% 
These cells were fewer in number than in control and their 
percentage varied from 2.2 to 7.4 . The variation was more 
(113.04%) than the mean (4.6 + 1.9%). The mean percentage became 
52.35% of the control. 
CYs. (2.8 ± 1.2)% 
These cells varied from 1.2 to 4.1 percent and variation was 
slightly more 103.57% than the mean (2.8 ± 1.2%). The mean 
percentage was 12% higher to that of the control. 
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PES. (5.8 ± 2.09)% 
The percentage of these cells ranged from 3.1 to 8.5 and 
variation was less (93.1%) than the mean (5.8 ± 2.09%). However, 
the mean percentage of these haemocytes enhanced by 34.88% of that 
of control. 
ADs. (9.8 ± 1.06)% 
Like OEs the mean percentage of these haemocytes also 
increased 122.72% of the control and varied from 6.9 per cent to 
11.2 per cent. The variation was less than half of the mean (9.8 ± 
1.06%). 
C. EFFECT OF INJECTION OF PYXINIA FIRMA fA PROTOZOAN PARASITE) 
The THC in A^ cancellata showed gradual increase following 
the injection of the parasite, P^ firma, which varied from 6033 + 
974 to 14920 + 1011 In Vivo, however, the variation was 88.19% of 
the mean 10076/mm + 5284.05/mm. 
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IV. 9 RESPONSES OF THE HAEMOCYTES OF ADESMIA CANCELLATA. 
AjL PHAGOCYTOSIS FOLLOWING INOCULATION OF SPORES OF FUNGI 
In Vivo; (Table : 27) 
The process of engulfing the spores by the haemocytes 
was seen only after 20 min. following inoculation . This process 
slowly increased up to 3 days. Comparatively the number of engulfed 
spores of A_j. niger was higher than that of other five species P. 
diqitatum. (Plate XX) R^ oryzae. A. chlamydospora. A. citri and 
Trichoderma sp. (Plate XXI) and the maximum number of spores per 
cell was 20 . However, the number of spores of other species of 
fungi were from 2 to 10 by each cell. The PLs were the most active 
cells in phagocytosis. GRs were also occasionally involved in this 
process. But other types of cells were inept and could not engulf 
the spores. The number of spores declined after 24 hours, 48 hours 
and 72 hours. The GRs were the first to loose the spores followed 
by PLs. 
The spores of A^ . niger caused gradual deterioration and 
disintegration of the haemocytes and after 72 hours, most of the 
cells were disintegrated . 
;3i 
In Vitro : 
The study of the effect of spores of six fungi species, 
R. oryzi. P» diqitatuin. A. chlamydospora, A. citri, Trichoderm sp. 
and Ajs. niqer was also made in vitro. The phagocytosis was done by 
* 
both GRs and PLs. The PLs were more active and each haemocyte 
engulfed up to 10 spores in each. However, few GRs engulfed up to 
5 spores. The spores of A^ niqer induced maximum phagocytic 
activity. The process commenced 20 minutes following inoculation of 
the spores and gradually increased up to 55 minutes and- then 
declined sharply (Plate XXII, XXIII, XXIV, XXV, XXVI, XXVII and 
XXVIII ). 
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Bi ENCAPSULATION FOLLOWING INOCULATION OF A PROTOZOAN 
PARASITE PYXINIA FIRKA (A EUGREGARINE^ 
The effect of injection of £^ firma in the haemolymph 
of Aj. cancellata was studied both Jn Vivo and In Vitro. For this 
purpose 0.5 ml of the medium containing spores were injected by 
hypodermic needle in individual insect. 
•Observation In Vivo. (Plate XXX) 
There was no change up to 30 minutes following 
injection. After 35 minutes following injection, the haemocytes 
started aggregating around the parasites with melanization (Fig. 
1) . During the next 5 minutes some of the PLs were observed to 
attach with the surface of the parasites (Fig. 2) . This process 
continued and resulted in the formation of three layers of 
haemocytes in 60 minutes after injection. However, first layer was 
formed at 45 minutes (Fig. 3) , second layer of haemocytes was 
observed at 50 minutes (Fig. 4) and the third layer was completed 
at 60 minutes after injection. Thereafter, the process of 
deposition of layers of haemocytes slowed down and melanization 
started. After 24 hours the parasite itself started disintegrating. 
Observation In Vitro. ( Plate XXXI ) 
The haemocytes in monolayer cultures were maintained on 
Grace's medium supplemented with 9% foetal bovine serum (FBS) and 
233 
were slowly rotated at Wheaton culture appdratus in an sterilised 
hood. These cultures were inoculated with P_^  f irma. After 45 
minutes of inoculation , a few haemocytes were seen aggregating 
around the parasite and a layer of haeirocytes was formed at 55 
minutes following inoculation of the fungi in the medium. However, 
4 
second layer was subsequently deposited around P^ firma after 65 
minutes of injection. The PLs shared the process of encapsulation. 
However in vitro experiments more than two layers of the haemocytes 
could not occur (Plate XXXI, Figs. 1 and 2). 
C^ SELF RECOGNITION FOLLOWING INOCULATION OF THE SPERMS OF ADESMIA 
CANCELLATA IN THE RECIPIENT OF SAME SPECIES 
Following the injection of the sperms from the 
individual (6 weeks old) of the same species in the haemocoel of A. 
cancellata. (6 week old) there was no response in the haemocytes 
between 5 minutes to 12 hour following injection. Then, later 
injected sperms started disintegration themselves (Plate XXXII and 
Plate XXXIII; Figs. 1,2,3 and 4). 
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IV. 1£ EFFECT OF DEOXYPHYLOTOXIN (AN ANTITUMOR DRUG) ON THE 
HAEMOCYTES 
A. Leptocorisa varicornls (Plate XXXIV) 
i. Fourth Instar Nymphs; (Plate XXXIV) 
The topical application of different sublethal concentrations, 
5 ppm, 10 ppiti, 15 ppm and 20 ppm deoxyphylotoxin resulted in 
histopathologica] changes in the haemocytes of one day old 4th 
instar nymphs of L^ . varicornis. 
The application of 5 ppm, 10 ppm, 15 ppm did not cause any 
change in the haemocytes of L_^ varicornis up to 72 hours after 
application. But, on the fourth day, the rounding up of the 
haemocytes and over vacuolization in the cytoplasm of PLs occurred. 
On fifth day after application, clumping or massing of two to three 
cells having distorted cell membrane, with thickened cytoplasm was 
apparent change. Whereas on the sixth day there was complete 
rupture of the cell membrane; high]y vacuolated and distorted 
nuclei. 
The effect of application of 20 ppm deoxyphylotoxin started 
after 48 hours. The changes started with the thickening and 
vacuolization of the cytoplasm and distorted cell membrane. After 
seventy two hours, the cell membrane was completely disintegrated 
and the plasma became thick with vacuolcH and distorted nuclei. 
Finally only a few cells could survive (Plate XXXIV, Figs. 1 and 
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2). The changes in the different types of haemocytes after 72 hours 
of topical application of the compound are described below: 
PRs. 
These were highly susceptible cells which developed 
« 
histopathological symptoms by enhancement of granulations in the 
cytoplasm, rupture of the cell membrane and disintegration of the 
nucleus. (Fig. la) 
PLs. 
The cytoplasm become vaculated and this change was followed by 
eccentric nuclei and rupture of the cellmembranes by ppm. (Fig. lb) 
GRs. 
The granulation of the cytoplasm is a very easly symptom in 
.these cells by ppm followed by the rupture of the cell membrane. 
(Fig. Ic) 
CYs. 
The most sensitive cells by ppm and suffer total and very 
early damage of the cell membrane and nuclei from syncytia in the 
haemolymph. (Fig. 2c) 
OEs. 
These cells are most resistant haemocytes and even by 
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strongest dose only vacuolization in cyloplasm was seen. (Fig. 2d) 
ADs. 
These are also very sensitive haemocytes and the cell membrane 
ruptures in a shorter period of application and nuclei become free 
in the haemolymph. (Fig. 2b) 
ii. Fifth Instar Nymphs; 
No pathological changes occurred in the haemocytes 
upto 72 hours post application on in 1 to 3 day old nymphs even by 
20 ppm compund. 
iii. Males; 
No change in the haemocytes was observed by the 
topical application of all of these concentration in any of the age 
upto 72 hours. 
iv. Females; 
The haemocytes remained unaffected by all of the used 
formulations of deoxyphylotoxin. 
B. Nepa cineria (Plate XXXV) 
i. Third Instar Nymphs; 
The effect of sublethal doses 1 ppm, 2 ppm, 3 ppm, 4 
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ppm, and 5 ppm 10 ppm deoxyphylotoxin was observed in 5 day old 3rd 
instar nymphs and adult N^ . cineria. 
Application of 5 ppm deoxyphylotoxin application caused 
thichening of the plasma twenty four hours post exposure. This was 
followed by vacuolization after forty eight hours in few cells. 
After seventy two hours, the cell membrane of most of haemocytes 
ruptured and vacuolization . 
10 ppm caused clumping of two to three PLs together. It also 
resulted in enlargement of one or two cells. After forty eight 
hours, the haemolymph had distorted cells and nuclei. After seventy 
two hours, an adequate number of haemocytes went under 
disintegration completely while a few haemocytes still survived. 
PRs. 
Like, in L^ varicornis these cells are easily damaged through 
over vacuolization follwed by rupture of cell membrane and broken 
nucleoplasm. (Fig. 2c) 
PLs. 
These cells suffer vacuolization displacement of nuclei and 
granulation of the cytoplasm. (Fig. Ic) 
GRs. 
These cells show granulation of the cytoplasm followed by over 
vacuolization and rupture of the cell membrane. (Fig. 2a) 
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CYs. 
Toxicity usually cause very early anci severe damage to these 
cells and nuclei remain suspended in the tuiemolymph. (Fig. 4c) 
OEs. 
These are least affected cells and only vacuolization of the 
cytoplasm appears the only symptom. (Fig. 3b and 3c) 
ADs. 
These cells also suffer vacuolization and rupture of the cell 
membrane. The fat globules also percolate In the haemolymph. (Fig. 
ic) 
ii. Fourth Instar Nymphs; 
None of the haemocytc was affected by the 
application of 1,2,3 and 10 ppm deoxyphylotoxin in one to 5 day old 
nymphs. 
iii. Males; 
No pathology develop<=d in the h<iemocytes of one to six 
day old males. 
iv. Females; 
No p a t h o l o g i c a l changes wnro olinerved in a d u l t females. 
2 4 0 
DISCUSSION 
The free haemocytes of Leptocorisa varicornis, Nepa 
cineria. Adesmia cancellata and Dermestes vaulpinus have been 
classified on the basis of variations in their staining 
reactions, cell inclusions, shape and size. In the past 
haemocytes were variously named by using different methods, 
smearing, phase optics, histological preparations and electron 
microscopy. 
In both sexes of the above mentioned species, 
six types of haemocytes have been identified, which are 
prohaemocytes (PRs), plasmatocytes (PLs), cystocytes (CYs), 
oenocytoides (OEs) and adipohaemocytes (ADs). However, 
binucleate, trinucleate and giant cells (megacytes) also 
occurred in L. varicornis. But in N^ cineria trinucleate cells 
and giant cells (megacytes) in D^ vulpinus were additional 
haemocytes. In A.cancellata, only three categories of 
haemocytes viz., PRs, PLs, and CYs could be indentified by 
electron microscopy. The PRs, PLs and GRs are the commonest 
variety of haemocytes and majority of species of insects 
studied so far contain these cells in their haemolymph 
although Francois (1974 and 1975) could not observe PRs in 
Thermobia domestica through electron microscopy, possibly due 
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to disappearance of these ce3Is during processing the 
haemocytes for ultra study. However, Saxena and Agarwal (1979) 
in Lipeurus lawrensis tropicalis did not report the 
universally occurring PLs and included these cells in the 
category of PRs. Although Zaidi and Khan (197 5) reported GRs 
in Dysdercus cingulatus. Qamar (1990) could not observe these 
cells in the same species. GRs are generally known as one of 
the fundamental types of haemocytes in most of insect species 
studied so for . these cells are comparable to the eosinophill 
cells with phenolic inculusions in P^ . mesembrynthnmi (Poission 
and Pesson, 1939) and to the phagocytic amocbocytes in T. 
molitor (Wigglesworth, 1939) and podocytes in Rhopelosiphus 
maidis Fitch (Behura and Dash,1928). GRs are also similar in 
characteristics to the basophil leucocytes with dusty 
cytoplasm in L^ decemlineata (Arvy and Lhoste, 1946) although 
Jones (1954) in I\. molitor could not observe GRs under 
contrast microscopy and Zachary and Hoffmann included GRs in 
the category of phagocytic amocbocytes in 2\_ molitor . 
The cytoplasm of the PRs in the present species 
is usually strongly basophilic but these cells are 
comparatively larger in L. varicornis than in N. cineria, A. 
cancellata. and D_^ vulpinus. Characteristically these cells 
are comparable to the proleucocytes of Rhodnius. prolixus 
(Wigglesworth, 1933, 1955) and prohaemocytes of Jones (1977). 
Like in other insects these cells are basophilic and smaller 
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in size as compared to other haemocytes, with nucleus almost 
occupying the whole cell. Functionally and unlike vertebrates, 
these cells are transitory cells that are easily transformed 
into other types of haemocytes on demand ( Crossley,1975 ). 
Hence the term prohaemocytes are appropriate terminology for 
these cells. However in Pulvinaria mesembrynthmi these cells 
were termed as carmine cells (Poisson and Pesson, 1939), 
whereas, in Leptinotarsa decemlineata these were named as 
leucoblast (Arvy and Lhoste, 1947). However,the term PRs, used 
here is compatible and similar to the previous reports in 
Locusta miqratoria (Akai and Sato, 1979 and Gupta,1979) 
Gvllatalpa sp. (Goffinet and Gregoire, 1979), Acheta 
domesticus (Gupta, 1979), Chrotoqonous trachypterus Blach and 
Acrida exaltata Walk (Sharma and Dutta, 1979), Schizodactylus 
monstrosus (Islam and Roy, 1982), Hieroqlyphus nigrocepletus 
(Khan et al, 1984; Ahmad, 19S6; Ahmad and khan, 1988), 
Periplaneta americana (Boerwald and Bousch, 1970 and Boerwald, 
1975), Leucophaea maderae L. (Hagopian, 1971), Nauphoeta 
cinerea OLiver (Kochetova, 197 8), Panesthia angustipennis 
(Akai and Sato, 1979), Blatella qermanica (Gupta, 1985), 
Clitumnus extradentatus (Gupta, 1979), Laemobothrion 
perenoptera (Srivastava, 1964), Lipeurus lawrensis tropicalis 
( Saxena and Agarwal, 1979) Acroneuria arenosa pictus (Arnold, 
1966 ), R^ prolixus (Jones and Bellard, 1959; Lai Fook, 1970 
and Le Blanc, 1971), Dvsdercus cingulatus ( Zaidi and Khan, 
243 
1974 and Qamar, 1990) , Macrosiphuin euphorbidae Thomas (Biotean 
and Perron, 1976), L^ varicornis and JL. cineria ( Siddiqui and 
khan, 1978) Rhopelosiphus maidis Fitch ( Behura and Dash, 
1978), Prodenia eridania larvae (Jones, 1959), Ephestia 
kuhniella (Arnold, 1952), Bombyx mori ( Raichaudhary and 
Gupta, 1959, Nittono, 1960 and Rabaglio, 1970), Galleria 
mellonella ( Jones, 1967), S. litura ( Nishi, 1982 and Ahmad, 
1986), Spilosoma obliqua (Ahmad, 1986), Heliothis armiqera 
(Khan et al, 1990), Sarcophaqa falculata (Dennel, 1947), 
Drosophila euronotus (Nappi, 1970), Glossina austeni, G. 
morsitans , Aedes aegypti. Culex quinquefasciatus, Stomoxys 
catcitrans. Calliphora erythrocephala and Lucilia sericata 
(Kaaya and Ratcliffe, 1982), Tenebrio molitor (Jones, 1950 and 
1954), Melolontha melolontha. Mylabris pustulata (Ahmad, 
1974), Dermestes vulpinus. D. maculatus. Hybosorus illegari 
and Dineutes aerius (Al-Khalifa and Siddiqui 1985), Apis 
mellifera (Kostecki, 1964) and Politis hebrocus (Ahmad, 1986). 
The spindle shaped PLs of L. varicornis and A. 
cancellata have smoother cell membrane and these are larger in 
si2e than those of N. cineria and D^ vulplnus and their nuclei 
are more strongly basophilic with compact chromatin granules. 
Moreover the spindle shaped and round PLs are often more 
frequent in L.varicornis and A^ cancellata than in N. cineria 
and Du. vulpinus. Characteristically the PLs have more 
cytoplasm and comparatively smaller nuclei. However, the terms 
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amoebocytesand phagocytes used for PLs by Wigglesworth (1955) 
in R. prolixus are only conditionally applicable to limited 
forms of PLs which are either irregular or round but do form 
pseudopodia (Jones, 1977). The spindle shaped PLs are 
comparable to the spindle shaped amoebocytes in T^ . molitor as 
described by zachary and Haffmann (1973) and to the spindle 
shaped eosinophil cells in P.^  mesembrynthmi (Poisson and 
Pesson, 1939) . 'Whereas, the PLs are comparable to these cells 
in Thermobia domestica (Francois, 1<^,15) and Periplaneta 
americana (Jones, 1957b) in addition to the species compared 
earlier for the distribution of PRs. 
The GRs in L. varicornis. N. cineria. A. cancellata 
and D_!_ vulpinus are generally equal in size and have round 
nuclei. Their cytoplasm is mildly basophilic but with 
eosinophilic granules which is the basis to differentiate 
these cells from PLs and to name them GRs. However, 
wigglesworth (1955) has referred such cells as oenocytoids 
(OEs) but Jones (1965) , Gupta (1979) and Han & Gupta (1989) 
have rightly named these cells granular haemocytes (GRs) on 
the basis of less basophilic cytoplasm, absence of large 
vacuoles, central nuclei and presence of eosinophilic granules 
in their cytoplasm. The minor differences between PLs and GRs 
and their involvement in defense conform to the proposed term, 
"immunocytes" for PLs and GRs by Gupta and Han (1987) . It may 
also be due to their common function and transformation of 
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PLs into GRs. GRs arein conforrr.ity to these cells in most of 
the species reffered earlier e:ccept in P_i. americana (Jones, 
1957b) and Rj_ maidis Fitch (Rehura and Dash, 1978) where GRs 
were not observed. 
The CYs of L. varicornis, N. cineria. A. cancellata 
and Dj. vulpinus have similarity with CYs of R. prolixus (Jones 
and Bellard, 1959). In all these species these cells are 
generally spherical in shape and almost equal in size with 
eiosinophilic cytoplasm and basophilic inclusions. They do 
resemble GRs by their shepe and size but can be 
differentiated from them by the presence of only two or three 
basophilic inclusions in their cytoplasm. The term cystocytes 
was first proposed by Jones (1962) in T^ molitor although 
these haemocytes are also comparable to the hyaline cells of 
A. arenosa (Arnold, 1966).Those cells are also comparable 
to the cells with phenolic Inclusions in P^ mesembrynthmi 
(Poisson and Pesson, 1939) and due to similar features these 
cells were synonymed as leococytes with crystalloids in Acheta 
domestica (Gupta, 1979) and in li^  decemlineata (Arvy and 
Lhoste, 1946). CYs are also compatible to the coarsly granular 
cells in I\. molitor (Jones, 1950). However, CYs are clearly 
observed under phase optics and in stained preparations these 
are not easily identified. Hence, CYs are compatible to these 
cells in fewer species like in Chrotogonous trachypterus Blach 
and Acrida exaltata Walk (Sharma and Dutta, 1979), R^ prolixus 
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(Jones and Bellard, 1959 and LaiFook, 1970), R^ maidis Fitch 
(Behura and Dash 1978), S^ . litura (Nishi, 1982; Ahmad, 1986 
and Khan et al 1990) , IJ^ varicornis and NLi. cineria (Siddiqui, 
1978), Aulacophora fovicolis and Mylabris pustulata (Ahmad, 
1974) . 
In N. cineria the OEs are the largest of all blood 
cells, despite the fact that they are variable in both shape 
.and size. In L. varicornis. A. cancellata and D. 
vulpinus the OEs are smaller in size as compared to spherical 
or oval in shape and less basophilic. Similar cells were 
called large non-granular haemocytes or non-phogocytic giant 
haemocytes in R. prolixus (Wiqglesworth, 1955). Unlike, PLs 
and GRs, these cells have eccentric nuclei having one or two 
large vacuoles. Such cells were also described by Wigglesworth 
(1956), Jones and Bellard (1959), Lai Fook (1970) and Le Blanc 
(1971) in R^ plixin. Zaidi and Khan (1974) and Qamar (1990) 
in D^ cinqulatus. Boitean and Perron (1976) in Macrosiphum 
euphorbidae Thomas, Siddiqui (1979) in Nepa cineria and 
Leptocorisa varicornis. and Mall and Gupta (1978) in Nezara 
veridula. L. Devauchelle (1971) in Melolontha melolontha. 
Ahmad (1974) in Aulacophora fovicolis and Mylabris puslulata 
and Al-Khalifa and Siddiqui (1985) m D_^ valpinus, D. 
roaculatus. Hybosorus illegari and Dineutes aerius. However, 
Behura and Dash (1978) could not report these cells in 
Rhopelosiphus maidis. The origin and function of these cells 
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is not yet known. Jones (1965) in R. prolixus arbitrarily 
named such haemocytes as oenocytoids. But this name has no 
relationship with oenocytes which are ectodermal in origin. 
However, OEs are characteristically also comparable to the 
crescent cells in Gromphadorhina portentosa Ritter (1965) who 
erroneously considered them as unusual anucleate cells. 
Further, Gupta (1985) identified these cells as OEs. 
ADs are the largest of all the haemocytes in L. 
varicornis and D^ vulpinus whereas in the nymphal stages of N. 
cineria and adult A. cancellata these are very small in size 
as compared to those of adults. Wigglesworth (1955) called 
such cells adipoleucocytes or lipocytes in R. prolixus. In L. 
varicornis. N. cinerea. A. cancellata. and D^ vulpinus the 
blood cells containing fatty inclusions in their cystoplasm 
are undoubtedly haemocytes differentiated from PRs and thus 
such cells cannot be homologized with the leucocytes of 
vertebrate blood. Such cells were reported by Islam and Roy 
(1982) in Schizodactylus monstrosus, Nishi (1982) and Khan et. 
al (1984) in Spodoptera litura. Ahmad (1986) in the 3rd and 
4th instars and pupae of S^ litura and in pupae and adults of 
Spilosoma obliqua. Khan et al (1990) in Heliothis armigera^ 
Kaaya and Ratcliffe (1982) in G^^ austeni. G. morsitans. A. 
aeqypti. C. quinquefasciatus. S. calcitrans, C. erythrocephala 
and lii sericata. Al-Khalita and Siddiqui (1985) in D. 
vulpinus. D. maculatus. H. iliegeri and D^ aerius. But ADs 
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could not be observed by Akai and Sato (1979) in L. 
migratoria. Goffinet and Gregoire (1979) in Grvllotalpa sp.. 
Behura and Dash (1978) in R. maidis Fitch Nittono (1960) in 
adult Bombvx mori Jones (1967) in G^ mellonella, Zachary and 
Hoffmann (1973) and Jones (1950) in T^ molitor. 
The binucleate cells in the haemolymph of L. 
varicornis were observed for the first time in Hemiptera and 
these cells are comparable to the multinucleate cells 
described in D_^  melanogaster and S^ bullata by Whiten (1964) . 
In L^ varicornis these haemccytes as compared to PLs have 
comparatively strongly eosinophilic spherical nuclei and 
mildly basophilic cytoplasm. 
Further, the trinucleate cells of the 
haemolymph of L. varicornis and N. cineria and D^ vulpinus 
are also comparable to the multinucleate cells in D. 
melanogaster and Sj. bullata (Whiten 1964) . In present 
species, these cells are spherical or oval in shape with 
basophilic cytoplasm and strongly basophilic nuclei which are 
packed with chromatin granules. Such ceLls were not found in 
A. cancellata. Such cells may not be confused as pericardial 
cells because in the trinucleate and binucleat cells observed 
in the present species do not show syncytium. 
Haemocytes were studied by using transmission 
electron microscope in case of A^ cacellata due to 
availability of more haemolymph for processing the technique 
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as compared to other species in the present study. But as 
compared to light microscope in the electron microscopy only 
four types of haemocytes viz.,PRs, PLs, GRs and CYs were seen 
whereas other haemocytes viz., OEs and ADs were lost perhaps 
in processing. Such possibility was earliar mentioned by Kaaya 
and Ratchiffe (1982) in G^ austeni. The ultra structure of PLs 
showed grooves in the cell membranes which reflect upon their 
possible role in phagocytosis. Ultrastructual study of the 
haemocytes of A^ . cancellata are obviously aimed at revealing 
additional information. Presence of structured and 
unstructured bodies in the PLs are compatible to the findings 
of Gupta (1979). Possibly, the unstructured inclusions are 
lysosomal bodies as referred by Ratcliffe and Rowlay (1979). 
The inclusions in the PLs , GRs and CYs were vacules, 
mitochondria and vesicles. However, PRs are generally devoid 
of vacuols as observed under phase contarst microscope. The 
PLs interstingly demonstrated phagocytozed particles clearly 
similar to the observations, in vivo and in vitro phagocytosed 
spores of different species of fungi. Grs are generally filled 
with structured inclusions like that of CYs. Hence, the 
unstructural differences between GRs and CYs are few 
indicating transformation of GRs into Cys. 
Eventually, the THC in the nymphal stages of 
both , L^ varicornis and N^ cineria follow increasing trend 
through the growing age. These findings are similar to the 
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observations of Hazarika and Gupta (1987) in Blatella 
germanica who reported gradual increase in the THC in nymphal 
stages. Further, the present pattern was also recorded by 
Webley (1952) in cockroach. P. americana indicating explicit 
increase through the growing age of the nymphs as well as 
conform the THC pattern of the nymphal stages of Schistocerca 
qregaria (Mathur and Soni, 1937) . In the adults of both L. 
varicornis and N^ cineria, the THC also enhanced with 
advancing age that it further conforms the investigations on 
THC in Bj. germanica (Hazarika and Gupta, 1987) . The reason for 
increasing THC with growing age is possibly the instant 
production of the haemocytes together with their 
multiplication and it is also due to the haemopoiesis in these 
species. 
The higher THC have also been recorded in the 
late instars than that of the early instars of both species L. 
varicornis and N^ cineria and that females in both L. 
varicornis and JL. cineria have higher THC than that of the 
males. This sexual differences in the THC may be due to 
possible role of the haemocytes in oogenesis in females such 
as earlier discussed in the females of Schisrocerca sp. by 
Arvy, et al (1948) . 
The regular increase in THC through the 
development, advancing age and subsequent stages is an 
original report and justifies the increased metabolic need of 
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a larger size of adults. Further, similarity in data from the 
two different species of the same order are important and 
comparable for clarity and compatability of the report of 
Hazarika and Gupta (1987). The blood volume (BV) was also 
estimated that followed the decreasing pattern with the 
growing age and stage of these two species, L^ varicornis and 
N. cineria. Further, the early nymphs have higher BV than late 
nymphs and nymphs have higher BV than adults. However, the 
changes in the BV are inversely proportional to the changes in 
THC. The THC increase with the age and developmental growth of 
these species is partial]y due to the decrease in the BV that 
conform the findings of Shapiro (1979). Further, opposite to 
the trend of changes in THC the females have lower BV than 
corresponding males. The vivid presentation of the changes 
in THC and BV are shown in graphs 1-4. 
In Li. varicornis. after third moult, the 
percentage of PLs, GRs and ADs was higher than before moulting 
and that of PRs and OEs was lower than before moulting. The 
percentage of PLs, GRs and ADs decreased slowly but 
significantly before moulting and that of PRs and 0E& have 
subseguently increased. In the third instar nymphs of N_. 
cineria. the percentage of PLs was highest of all the types, 
followed by OEs, ADs and PRs. Tne percentage of PLs and GRs 
have increased whilst that of PRs and OEs have decreased 
following upto two days after moulting and the opposite 
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occurred from the third to the six day after moulting. In the 
fourth instar N.cineria the percentage of PLs, GRs, and OEs 
was higher than before moulting, whilst that of PRs and ADs 
was lower than before moulting. The percentage of PLs, GRs and 
OEs has decreased upto three days after moulting . The 
possible reason for the increase of PLs, GRs and ADs during 
the intermoult period may be rapid transformation of PRs into 
PLs which decline in number conseguently. — 
After emergence of male L. varicornis. the PLs 
constituted the bulk of the haemocyte population followed by 
PRs, ADs and OEs and GRs but CYs were rare. The sequence of 
changes following emergence were followed by increase in PLs 
but decrease in ADs and OEs. However, there was an increase 
in the number of PRs for two days following emergence. 
Although CYs further decreased there was no change in the 
number of GRs. Whereas, in the male N.cineria , and similar to 
male L.varicornis. the PLs were the most predominent 
haemocytes followed by GRs. The percentage of OEs was very low 
ADs were completely absent. The percentage of PLs and GRs 
increased gradually upto three days after emergence and PRs 
and OEs have decreased . The CYs continued to be rare but with 
the same variations and percentages as in males, L. 
varicornis. Increase in the percentage of PLs and GRs 
contribute the stronger defensive abilities of adults 
(Hazarika and Gupta, 1988). The higher percentage of PLs 
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suggests the stronger denfense abilities in the adults 
(Han & Gupta, 1988). In the emerged females of L. 
varicornis. more than half of the population of the haemocytes 
consisted PLs, followed by ADs and PRs. The number of OEs was 
lower in the females than in the males of the respective age. 
Following emergence, the number of PLs and PRs increased and 
that of ADs, OEs and GRs dropped. Consequently the PLs were 
the highest followed by the density of PRs and the GRs. The 
CYs, OEs and ADs become rare cells. The percentage of PLs 
gradually decreased up to three days after emergence, but on 
the fourth day, the number of PLs sharply declined. It was 
accompanied with steady increase in the number of PRs up to 
three days. However on the fourth day there was a sharp 
increase in the percentage of PRs. The increase in the 
percentage of GRs was negligible and the CYs were rare. 
Whilst, in female N. cineria. the increase in the percentage 
of PLs and GRs was accompanied by the decrease in the 
percentage of PRs up to three day after ecdysis. Decrease in 
the percentage of PRs and increase in the percentage of PLs 
suggests, the transformation of PRs into PLs. The increase in 
the percentage of PLs following emergence relates their 
relationship with oogenesis, which was earlier explained by 
Tauber and Yeager (193 6;. 
Owing to uneven nature of data on differential 
haemocyte counts in different ages of various stages of both 
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species, l^. varicornis, and JL. cineria the histogrammes are 
drawn for each stage to present vivid expression of changes 
CHistogrammes 1-8) . *foreover, the interrelationship between 
the changes in PRs and PLs are well explained through the self 
explanatory logarithmic graphs (1-8). However, these graphs 
clearly explain the inverse relationship between the mean 
percentages of PRs and PLs. The data are compatible to the 
report by Zaidi and Khan (1975) in D^ cinaulatus. 
Changes in the differential haemocyte counts 
in L. varicornis and N.^  cineria from the view point of 
their post embryonic development explicitly explain the 
increase in the percentage of PRs due to its production. 
Whereas reduction in PRs and enhancement in PLs conforms 
transformation of PRs into PLs. increase in the percentages 
of GRs, CYs, OEs and ADs followed by reduction in PRs and PLs 
are further in compliance with the conversion of PLs into GRs, 
CYs and ADs as eaarlier discussed by Crossely (1975), Shapiro 
(1979) . 
In experimental condition, following 
inoculation by the spore of fungi, the THC in A^ cancellata 
followed the increasing pattern. The dar.a are on the line of 
the findings of in Lea and Gilbert (1966). However, the 
maximum increase in THC was observed through the inoculation 
of spores of A^ citri followed R^ oryzae, P. digitatum. A. 
niger. A. chlamydospora and minimum changes were incurred by 
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Trichoderma sp.. The severity of changes is expressed by the 
DFTC indicating gradual increase in PRs combined with decrease 
in PLs. Hence the change is due to the extra production of PRs 
under stress of inoculation and check on the conversion of PRs 
into PLs or destruction of PLs after inoculation thus 
eliminating the defensive ability. 
In tne haemocytes of fourth instar nymphs of 
L. varicornis and those of third instar nymphs of N. cineria 
glycogen was generally absent except one or two granules in 
their PLs. However, in the subsequent next nymphal stages in 
both the species the haemocytes contained glycogen reserve, 
indicating that its metabolism enhanced with growth and 
storage become essential for the building of adult tissues and 
for the maturation of the goncids. 
The glycogen contents in the haemocytes of the 
females of both species were higher than those of the 
respective males owing to the need of more nutrients during 
oogenesis in the females. Further, the glycogen granules were 
much abundent in different types of haemocytes of adult L. 
varicornis than in those of N. cineria. It thus reflects upon 
the nature of food of the two species. The former is 
sapsucking (phytophagous) insect and the latter is a 
insectivorous insect. It is obvious that in L. varicornis the 
raw material for glycogen synthesis in the blood and 
haemocytes is 'available following the digestion of the 
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carbohydrates (di- and poly seccharides) . In L^ varicornis the 
highest concentration of glycogen granules occurred in the GRs 
and relatively less in ADs and OEs. Similar in N. cineria . 
Thus storage of glycogen granules in the haemocytes 
differentiates such cells as granular cells or granulocytes 
or granular haemocytes. These findings are compatible to the 
observations of Ahmad (1986) in ^  obliqua. 
However, PLs ( round and oval cells) had also 
concentration of glycogen in both insect species, showing 
higher concentration in L. varicornis than in those of N. 
cineria. Such PLs may represent the transformation to 
granular Jbaemocytes. 
/ The glycogen concentration in the haemocytes of 
both sexes of both species studied was low just before 
moulting but increased thereafter with age, reaching its 
maximum level three days after moulting to stage. The 
occurrence of higher concentration of glycogen in the 
haemocytes of both L^ varicornis and NLi. cineria adults is 
similar to the observation of Wigglesworth (197 3) with regard 
to mucopolysaccharides formation in the haemocytes of R. 
prolixus. 
In the haemocytes of both li^  varicornis and N. 
cineria the lipid concentration was highest in the ADs 
followed by OEs. Further, during the nymphal stages its 
concentration was maximum in the fifth instar nymphs of L. 
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varicornis and fourth instar nymphs of N. cineria. But in both 
the species highest concentration occurred before moulting in 
N. cineria. It decreased to a negligible quantity in the newly 
emerged males. However, on the third day following emergence 
only a few ADs had lipid droplets. In L. varicornis. however, 
the lipid concentration in the haemocytes dropped following 
ecdysis, yet it was considerably higher than in IJ^  varicornis 
in either sex of N. cineria. 
The occurrence of lipid was more in the age and 
stages of these species where, the glycogen was low in both 
the species. Higher concentration of lipid in the haemocytes 
is imparted to the epidermal cells responsible for cuticle 
formation as stated by (Wiggiesworth, 1979) that justify the 
more lipid in the nymphs than in the adults. 
The concentration of proteins in the haemocytes 
relativly varied in GRs, CYs and PRi?. The proteins were 
similarly distributed in all types of haemocytes in both sexes 
of both species and it decreased in them following emergence. 
This confirms the ability of GRs and CYs for storing or 
synthesizing the conjugated proteins responsible for sexual 
maturation of insects. 
Phagocytosis by the haemocytes following 
formation of translucent pseudopodia like protrusions to reach 
the strange bodies of spores of fungi indicate the chemotactic 
activity by these cells as suggested by Nappi and stoffalano 
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(1972). The pseudopodia like protrusions to reach distantly 
placed particles and the immediate invagination when in 
contact with near particles might support the idea of Salt 
(1970) who suggested the random occurrence of contact between 
particles and haemocytes as a mean of phagocytosis. 
y ' The detection of these spores by the haemocytes 
might indicate a defensive role played by these 
cells against foreign bodies which come in their contact. 
The optimum phagocytic activity after 55 
minutes following the inoculation of the fungal spores, is 
also a result of extra share of PLs involved in phagocytosis 
in 30 + 20 minutes and 30 + 25 minutes. The disintegration of 
haemocytes could have induced multiplication of haemopoiesis 
and this is in line with the observation of Werner and Jones 
(1969) who reported increased THC after the injection of India 
ink into insects. 
The present observations in A^ cancellata also 
indicated maximum involvement of PLs in phagocytosis. Similar 
obervations were made by Sirotina (1960) in L^ . decemlineata 
and Gupta (1985) in ^ qermanica found GRs as phagocytes 
(immunocytes). However, Werner and Jones (1969) found PLs as 
the only haemocytes involved in phagocytosis. 
The information on the phagocytosis of fungal 
spores by the haemocytes of insects, is meagre. Thus the 
present findings ( in vivo and in vitro ) furnish original 
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report on the phagocytosis of spores by the haemocytes 
of A. cancellata, which is based on the inoculation of the 
spores of six species of fungi. Further, in this species there 
was gradual increase in the THC following the inoculation of 
the spores, suggesting the defensive mechanism and similarity 
with findings of Sirotina (1961) who found higher THC in 
Cecropia sp. due to inoculation of Aspergillus flavus. 
Ratcliffe and Rowley, (1979) suggested that 
larger foreign agents in the haemolymph are encapsulated by 
the haemocytes which consequently increase in number. It was 
supported in Aj. cancellata by injecting a gregarine Pyrinia 
firma. 
In Sericesthis sp. ,Weiser and Beard (1959) recorded higher 
THC due to the infection of Adelina sericesthis Further, 
present observation on the encapsulation of Pj. firma by the 
haemocytes of Adesmia cancellata is like the findings of Han 
and Gupta (1988) who investigated the encapsulation of the 
implanted, "plain gut" in Blattella germanica by its 
haemocytes. 
- The topical application of lower concentrations 
( 5 ppm to 15 ppm) of deoxyphylotoxins on the L^ varicornis 
and 1-4 ppm in Nj. cineria are not effective to cause 
pathological damage to the haemocytes in adults of both L. 
varicornis and N_^  cineria. However, the effect of higher 
concentrations 2 0 ppm on L^ varicornis and 5 ppm on NL. 
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cineria, caused pathological damage in the haemocytes of 4th 
instar nymphs of li^  varcornis which was dose based and time 
dependent following applications. The initial pathological 
symptom was vacuolization which were subsequently followed by 
severe vacuolization, precipitation, clumping, distortion and 
disintegration. These findings are in line with the effects of 
insecticides causing cytological changes in the. haemocytes 
(Yeager and Munson, 1942). The most susceptible haemocytes to 
the toxicity of deoxyphglotoxin were CYs and ADs followed by 
PRs, GRs, PLs. But OEs were the most resistant cells. These 
findings are in conformation to the report of Ahmad (1988) in 
S. obliqua. Zaidi and Khan (1977) in D^ cinqulatus who 
reported the affect of Aldrin on the haemocytes of D. 
cinqulatus Fabr. and suggested the. GRs and ADs as most 
affected cells and similar to our report they observed OEs as 
the most resistant cells. Present results on the effect of 
deoxyphylotoxine conform the data published by Ahmad and Khan 
(1988) on the effect of Triol (an analogue of ecdysone) and 
Makisterone A (a phytoecdysone) through injection of these 
compounds in the haemocoel of Hieroqlyphus niqrorepletus and 
found the severity of effect dose and period of exposure to 
these compound based and report-^ d OEs to the most resistant 
haemocytes. 
Separating method for haemocytes of A. 
cancellata show a success in separating the different 
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haemocytes by centrifugal technique. However, the percentage 
of purity is affected partially due to the adhesion of 
haemocytes to the wall of the capillary tube that may be 
corrected by using silicon coated capillaries as suggested by 
(Mead et al, 1986). However, this methodology of separating 
the different types of haemocytes in an improvement to the 
previous attempts of workers, Chain and Anderson (1982) who 
applied the coverslips to obtain pure PLs of G.^. mellonella, 
due to their adhesive nature, and he separated GRs by 
eliminating the PLs with the injection of Bacillus cereus. 
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S U M M A R Y 
1. The haemocytes of Leptocorisa varicornis. Nepa cineria, 
Adesmia cancellata and Dermestes vulpinus are invariably 
polymorphic cells. The variations in morphology and histology of 
the haemocytes have been taken as criteria to classify them into 
distinct categories. 
2. Generally, six major types of haemocytes viz, prohaemocytes 
(PRs), plasmatocytes (PLs), granular haemocytes (GRs), cystocytes 
(CYs), oenocytoids (OEs) and adipohaemocytes (ADs) were 
concurrently observed in different stages of the li^  varicornis. N. 
cineria. A. cancellata and Dj. vulpinus. 
3 • By using histological methods alone, only three types of 
haemocytes, PRs, PLs and GRs are seen more prevalent and these 
cells may be regarded as important sessile forms of haemocytes. 
4. By using electron microscopy, in A_j. cancellata four types , 
PRs, PLs, GRs and CYs are identified and electron micrographs also 
show the possible phagocytic nature of PLs. 
5j^  The changes in total haemocytes (THC) during growth generally 
follow instant increase in L^ varicornis and NL... cineria due to 
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regular production of haemocytes. 
6. In the nymphal stages of L^ varicornis generally the mean THC 
ranged from 13203.6 + 1005.6/mm to 14958.4 ± 196.26/mm . But in the 
corresponding stages of N^ cineria the mean THC varied from 6557 + 
341.15/mm to 11252 ± 158.87/mm. 
7. The adult stages of L^ . varicornis had THC from 15569.8 + 
436.65/mm to 21188.8/mm whereas, in adults of N^ cineria THC ranged 
from 11668 ± 105.38/mm to 14096 +• 137.92/mm . 
8. Individually early age group of a stage h^ve lower THC than 
that of late age individuals. Early nymphs have lower THC than late 
nymphs and adults have higher THC than nymphs in both the species, 
L. varicornis and N^ cineria. 
9. In both L^ . varicornis and N^ . cineria females have higher THC 
than that of the males. . 
10. The THC in corresponding age, stage and sex of Li^  varicornis 
is higher than those of the N.^  cineria. 
11. In the nymphal stages of L^ varicornis the mean percentages 
of PRs, PLs, GRs, CYs, OEs and ADs varied from 16.24 to 51.70, 
28.19 to 78.59, 0.8 to 5.61, 0.20 to 9.91 0.19 to 10.61, 0.0 to 
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10.38 whereas, in the corresponding stages of N^ cineria the mean 
percentages of PRs, PLs, GRs, CYs, OEs and ADs varied from 10.91 to 
12.51, 32.43 to 40.86, 2.67 to 7.49, 1.33 to 3.45, 23.93 to 30.40 
and 9.56 to 17.95 respectively. 
12. In the adult stages of li^  varicornis the DHC of PRs, PLs, 
GRs, CYs, OEs and ADs varied from 8.25% to 12.52%, 54.67% to 
78.05%, 2.08% to 5.71%, 0.73% to 3.50%, 2.61% to 4.35%, 4.36% to 
23.35%^respectively whilst in the adults of N^ cineria the 
variation in the mean percentages of PRs, PLs, GRs, CYs and OEs was 
2.29 to 25.71, 60.86 to 79.17, 0.36 to 9.21, 0.21 to 0.81, 0 to 
4.05 respectively and ADs were absent. 
13. Further, in both the species mentioned above generally , PLs 
form the bulk of the population of haemocytes and PRs follow it. 
Types of haemocytes, GRs, CYs, OEs and ADs are comparativly in 
smaller percentages. 
14. In L^ varicornis and N^ . cineria through the age and growth, 
the changes in the percentages of PRs and PLs show inverse 
relationship due to direct transformation of PRs into PLs. 
15. The changes in the percentages of PLs obviously affect the 
relative percentage of GRs, CYs, OEs and ADs due to its 
transformation into GRs, CYs and ADs. 
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16. The occurrence of increase in the percentage of PRs, 
whenever recorded , may be due to their instant and regular 
production. But the reduction in the percentages of PLs may be due 
to either low rate of interconversion of PRs into PLs or 
transformation of PLs into GRs, CYs, OEs and ADs. 
17. In the haemocytes of the nymphal stages of both L. 
varicornis and N^ cineria glycogen is qualitatively seen as minute 
PAS positive granules particularly in a few plasraatocytes. On the 
other hand , the haemocytes of the adults of both the species have 
more PAS positive granules than those of their nymphs. Further, the 
haemocytes of the females of both the species have higher 
concentration of glycogen than that of the respectives males. But 
in both sexes glycogen granules enhance with age. 
18. Lipid deposite in the form of globules are abundantly found 
in nymphs of the nymphal stages of both L^ varicornis and N. 
cineria. But in the haemocytes of the newly emerged adults the 
lipid globules are meagre. Further in older adults i. e. after 
three days such deposits are completely lacking. 
19. Following the inoculation of spores of different fungal 
species in A^ cancellata (four weeks old adults) THC and DHC were 
determined. It induced increase and highest THC was recorded 
following the inoculation of A_.. citri. It was followed by R^ 
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oryzae. P. digitatum. A. niger, A. chlamydospora and Trichderma sp. 
in descending order. 
20. Corresponding DHC was also observed following the 
inoculation of spores of each fungal species. The percentage of PRs 
enhanced whereas those of PLs and GRs was decreased. Maximum 
changes occurred by the inoculation of the spores of A^ . citri, 
which was successively followed by that of R^ oryzae, A. niger, 
Trichoderma sp., A. chlamydospora, P. digitatum. 
21. The PLs and GRs of A.._ cancellata showed phagocytic activity 
following the inoculation of the spores of the above mentioned 
fungi . This activity commenced after 20 minutes and continues upto 
60 minutes later it declines. The GRs were faster as compared to 
PLs in this activity. Further, spores of A^ citri induced 
phagocytosis most rapidly and effectively as compared to spores of 
other fungi, which followed in descending order viz., A^ oryzae. P. 
digitatum. A. niger, A. chlamydospora and Trichoderma sp. . 
22. The response of the haemocytes both in vivo and in vitro 
was also studied by injecting an eugregarine. Consequently THC was 
enhanced particularly by the increase in GRs and PLs. Further the 
haemocytes encircled the protozoan parasite and made a capsule 
consisting of three layers. But in vitro inoculation caused slow 
encapsulation and it was only one layer thick. 
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23. Injection of the sperms in A^ cancellata from the specimens 
of the similar species apparently do not show either phagocytosis 
or nodule formation or encapsulation thus, characterising the 
ability of the self recognition. 
24« Histopathological effects of deoxyphylotoxin, an anti tumor 
drug currently know as insecticide are dose and period of exposure 
based and the most susceptible haemocytes are CYs, followed by ADs, 
PRs, GRs and PLs whereas, the oenocytoid are most resistant cells 
to the toxicity of the compound ir. either of the two species. 
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PLATE ; XVII 
Photomicrographs of the haemocytes of Nepa 
cineria stained with Suden Black B,. Arrow 
lipid globle; 1- prohaemocytes; 2-
plasmatocyte; 4- trinucleate cell; 5- granular 
haemocytes; 6- adipohaemocytes. 
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PLATE ; XVIII 
Photomicrographs of the different types of 
haemocytes of Leptocorisa varicornis stained 
with broinophenol showing distribution of total 
proteins: 1- prohaemocytes; 2,3 plasmatocytes; 
4- granular haemocyte; 5- oenocytoid; 6-
spindle shaped plasmatocyte; 7- prohaemocyte; 
8- prohaemocyte; 9- oenocytoid. 
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PLATE : XIX 
Photomicrogrphs of haemocytes in Nepa cineria 
stained with bromophenol showing distribution 
of total proteins: l- prohaemocytes; 2-
plasmatocytes; 3-4, granular haemocyte; 5-
cystocyte; 6-9, spindle shaped plasmatocytes. 
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PLATE ; XX 
Photomicrographs of Giemsa stained smears of 
the blood of Adesmia cancellata after 55 
minutes of inoculation, la- spores of R. 
oryzae; lb- PLs; 2a- spore of A. 
chlamydospora; 2b- plasmatocytes; 3a- spores 
of Ajs. citri; 3b- PLs; 4a- spores of 
Trichoderma sp. ; 4b- plasmatocytes. 
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PLATE t XXI 
Photomicrographs of Gieinsa stained smears of 
the blood of Adesmia cancellata after 55 
minutes of inoculation, la- spore of P. 
diqitatum ; 2a- only spores of A^ . niaer; 3a-
spores of ^ niqer; 4a- plasmatocyte in saline 
versene (control); 2a- spores of hj, niger 
lb,2b,3b, and 4b- plasmatocytes. 
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PLATE ; XXII 
Phase contrast photomicrograph of the live 
haeinocytes jji vivo in saline versene after 25 
minutes of the inoculation of spores of 
Asperbillus niger. Arrow a- shows the spore of 
L±. niger in touch with plasmatocyte; b-
plasmatocyte; c,d and e- clumps of spores. 
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PLATE ; XXIII 
Phase contrast photomicrographs of the 
haemocytes of Adesinia cancellata after 55 
minutes of inoculation with the spores of 
Alternaria chlamydospora a- plasmatocyte with 
phagocytosed spores; b- granular haemocyte 
with few phagocytosed spores; c- plasmatocyte 
filled with phagocytosed spores; e- granular 
haemocyte without spore; f- prohaemocyte. 
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PLATE ; XXIV 
Phase contrast photomicrographs of the 
haemocytes of Adesmia cancellata after 55 
minutes of the inoculation of the spores of 
Rhizopus oryzae a- spore half engulfed by 
plasmatocyte; b- phagocytozed spore; c-
rupture of plasmatocyte due to inoculation; d-
plasmatocyte; e- plasmatocyte with a ring of 
spore. 
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PLATE : XXV 
Phase contrast photomicrographs of the 
haemocytes of Adesmia cancellata after 55 
minutes of inoculation of spores of Alternaria 
citri; a- spore; b- granular haemocyte with 
single spore; c- a ring of number of spores in 
plasmatocyte; d- vacuolization due to toxic 
effect of fungi. 
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PLATE ; XXVI 
Phase contrast photomicrographs of the 
haemocytes of Adesmja cancellata after 55 
minutes of inoculation with the spores of 
Trichoderma sp.: a- phagocytosed spores; b-
mass of several spores in the cytoplasm of 
plasmatocytes; c- thickening of the cytoplasm 
due to toxicity of the fungi; d- grnular 
haemocytes with 2 phagocytosed spores; e-
plasmatocytes. 
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PLATE ; XXVII 
Phase contrast photomicrographs of the 
haemocytes in vitro after 55 minutes of the 
inoculation with the spores of P_^ digitatum a-
spore nearly phagocytosed by plasmatocytes to-
granular haemocytes with a single spore in 
touch for phagocytosis . 
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PLATE ; X X V m 
Phase contrast photomicrographs of the 
plasmatocytes and granular haemocytes after 40 
minutes of inoculation with spores of A. 
niger: a- indicate spore phagocytosed by 
plasmatocytes; b- shows production of 
pseudopodia to reach the foreign particles. 
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Photomicrographs of the eugregarine, Pyxinia 
firma; P, protomerite; D, deutomerite; E, 
epimerite. 
29 
Q!X 
XV 
e 
o 
'J 
PLATE ; XXX 
Photomicrographs of in vivo encapsulation of 
Pyxinia firma; by the haemocytes 1- trophozoit 
of £^ firma ; 2, first layer of plasmatocytes; 
3, second layer of plasmatocytes; 4, third 
layer of plasmatocytes and granular 
haemocytes. 
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PLATE ; XXXI 
1. Photomicrographs of trophozoites in saline 
versene. 2. Photomicrographs of in vitro 
encapsulated Pyxinia firma A, first layer; B, 
second layer. 
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PLATE : XXXII 
Photomicrographs of sperms of Adesmia 
cancellata in saline versene. 
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PLATE ; XXXIII 
Photomicrographs showing self recognition 
following inoculation of sperms in the 
haemocoel 1, haemocytes after one hour of 
inoculation; 2, haemocytes after 24 hours of 
inoculation; 3, haemocytes after 48 hours of 
inoculation; 4, disintegrated sperms after 72 
hours of inoculation; arrow indicates sperms. 
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PLATE ; XXXIV 
Photomicrographs showing histopathological 
changes in the haemocytes of Leptocorisa 
varcornis following topical application of 
sublethal dose 20 ppm after 72 hours, 1-
vacuolization in prohaemocyte; 2-
vacuolization in plasmatocyte; 3, 
disintegrated plasmatocyte; 4, vacuolization 
in granular haemocyte; ruptured cell membrane 
in granular haemocyte; 5 disintegrated 
cystocyte; 6, survived or least affected 
oenocytoid; 7, disintegrated adipohaemocyte. 
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PLATE : XXXV 
Histopathological changes in the different 
types of haemocytes of Nepa cineria 1-
vacuolization in prohaeinocytes; 2- raptured 
cell membrane in plasmatocyte; 3-
vacuolization in granular haemocyte; 4a-
disintegrated parts of cystocytes; 4b-
disintegrated adipohaemocyte; 6- survived 
oenocytoid. 
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